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1i, Mole afd Avogadro's numi 

12. Mole Calculations 

13. Percentage Composition 

l&. Excess and Limiting Reagents 
15, Percentage Yield 


Thestude be 
9 Interet a balanced chemical equation informs of interacting moles, 


representative particles, masses and volumes pfgises at STP. (Analyzing) 


9. Construct mole ratios from balanced equinivns for use as conversion factors in 


stoichiometric problems. (Applying) 


® Perform stoichiometric calculations? with balanced equations using moles, 


"epresentative particles, masses andolumes of gases at STP. (Analyzing) 


> Identify the limiting reagent ya reaction. (Analyzing) 


Knowing the limiting reagent in a reaction late the maximum amount of 
Product(s) produced-smd the amount of any unreacted excess reagent. 
(Analyzing) 

Given informatión from which any two of the following may be determined, 
calculate the-theoretical yield, actual yield and percentage yield 
(Understandibg) 

Calculate the theoretical yield and the percent yield when given. the balanced. 
ĉquation, the amounts of reactants and the actual yield. (Applying) 


Introduction: 
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Stoichiometry (Greek stoicheion, “element” 


Ind metron, "measure") means q 


titative measure 
Vol reaetants and products), Such knowledge plays an 
important role when calculating the amount of 
Products such as masses, moles, volumes and 
percentage yield etc, with the help of balanced 
chemical equation, 

Balanced chemical equations have definite 
ratios of reactants and products just as compounds 
have definite ratios of elements, Those ratios are used 
to calculate the mass (or moles) of other substan 
a reaction from the mass (or moles) of any one of the 
substances, It tells you that how to calculate the 


sin 


of substances involved in a reaction, It covers the calculation of the 
eld of a product from the actual yield id the theoretical yield, based 


quantiti 
percentage 
on the amounts of reactants, 


1 MoleandAvogadro' s Number: - 

You buy quantity of i | Ways like eggs in dozen (12 numbers), Shoesit 
pairs (2 numbers), cans in case (24 cans), playing cards in pack (52 number 
papers in ream (500 sheets), aid pencils in gross (144 numbers). Bulk foods, liie 
ice, wheat, sugar, and peanuts are usually purchased by mass, because it is 4 
difficult to count them ‘All these methods are used by chemists to determine ! 


quantity ofmatter (daünting and weighing) 


a Avogadro's 
EN ss E number 
‘The most convenient unit of matter for counting and weighing is m9' 


connects the macroscale world (so large that ean be weighed or count) 
nanoseale world (so small that is inconvenient to weigh or count them). 


1.1.1 The Mole: ; 
Mote isa Latin word; it means a huge mass, Its symbol is mol andis represen 
n, One mole is the amount of substance that has as many particles (atom, mo E 
r or formula units) as the number ofatoms in exactly 12 g of carbon-12: 
E mole of a substance(element or compound) depends on what that st 
o 
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mass of that substance in 

that the atomic mass, ccular mass, ionic mass or formula 
when expressed in grams is equal to one mole. Examples are: 
Onemole of carbon atoms = 12g 


One moleof CO. molecules=44y 


Cl formula units 


Onemole of 
Onemoleof SO; ions=96g 


1.1.2 The Avogadro's Numbei 
f The number of particles (atom, molecules, ions or 


formula units) present in one mole of a substance is SM 

called Avogadro's number/It is represent by N,, The 

number of particles in one mole of a substance i 
2142] x y. il af 

64221421.» 10", which we will usually round to | 7 M 

6.02« 10". Scientists call this. value Avogadro's number lat the rate of 5 million p 


cither*per mole” or "inverse of mole”. Examples are: 
Onemole ofcarbon-12 contains 6.02 * [0^ atoms of carbon-12. 
One mole of H,O contains 6.02 * 10 molecules of H.0. 
One mole of CaO contains 6.02% 10" formula units of CaO. 
One mole of CO? contaíis 6.02 < 10" ions of CO; 


6.02 x 107 molecules 
| 602 x 10 formula units 


6.02 x 10 ions 


PTE or 
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The volume of one mole of an ideal pas aL STP (standard temperature and préss 
isénlled molar volume, 

Its value is equal to 22.414dm . It is denoted by Vin 
Table 1:2: The Molur Volumes, Molar Masses and Number of Molecules of Some Casey 
STPXOC and letm), 


| omae 


602x 10" 
molecules | 


"The equal volume of all gases at STP has equal number of molecules but they 


have different masses, 
The mass of one moie of a substance Jftgiams is called molar mass, 


The unit of molar massis g/mol, <O 
To determine molar mass, we change the units from atomic mass units to grams 
ofa substance. The substance may bean element ora compound. 
For an element, the molagmäss in grams per mole is numerically equal to 
atomic mass of that clementin atomic mass units. For example: 
i) Hydrogen atom has an atomic mass of 1.008 amu, so the molar mas 
hydrogen atom is 1.008 g/mol and contains 6.02%10" atoms of hydrogen. 
ii) Oxygen atonvbas an atomic mass of 16 amu, so the molar mass of oxygen. 
Psi eo ONU RAE 0” atoms of oxygen. 
If we know the atomic mass ofan element, we also know its molar mass- 
Fora compound, the molar mass in grams per mole is numerically equal e! 
formula mass of that compound in atomic mass units, For example: 
i) Ammonia (NH,) has a formula mass of 17 amu, so the molar mass of 
is 17g/moland contains 6.02x10^ molecules ofammonia. 
ii) Potassium nitrate (KNO,) has a formula mass of 101 amu, so the molar 
sium nitrate is 101g/mol and contains 6.02x10^ formula units of po 


pot 
nitrate. 


a 
c" 
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—— x = 
Calculate the mlar mass of Benzene (C, HH) 
Solution: 

Fach mole of C,H, contains six moles of carbon atoms and six moles o hydrogen. 


atoms in the formula. 
‘Themolarmass of benzene can be calculated as: 


6molesofcarbonxl2g/mol — -72g 
6molesofhydrogen x lg/mol — =6g 
The molarmass of Benzene(C,H, ) = 78g. 


| Practice Exercise 1; 
lite he molar mass of KMnO, 
1.2 Mole Calculations 
1.2.1 Calculation of Number of Mosta Substai 
i). Ifwe know the mass of a substance, we gáitcilculate the number of moles by 
dividing the mass ofa substance by molar mass: 


= 


ent in 20g of NaOH? 


| How many Y 
Solutions m ao 
Mass of NaOH = 20g. 
Molesof Nao =? 

Mass of NaOH. 
Molar mass of NaOH 


Moles of NaOH = 


Molesof Naon = —— 8. = 0,5mol 
A0gmol 
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f we know the number of moles of a substance, we can calculate the mas; 
by multiplying number of moles with molar mass. 


Mass of a substance = Number of moles of a substance x Molar Mass 
- — — — 


of H,50, RUN san messat H,S0, JS E 


N 


iii) If we know about the number of m of à substance, we can calculate 
the number of moles by dividing the number of particles by Avogadro! 


number, 
No. of moles of a substanág = No of panicles of a substance 


Sucrose, table sugar, contains 3.76 x 10” molecules of C, H,O,,. WI 
mumberofmoleseféicrose? 


Solution: (cr 
eum of sucrose = No. of particles of sucrose 
S Avogadro's Number. 


24 
Number of moles of sucrose = . 3-76 «lO^ molecules _ 


6.0210" molecules mol 
625 moles 


An aluminum 
number of moles 0 


Py 
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122 Calculation of Number of Particles 

i) If we know the moles of a substance, we ean calculate the number Of 
particles by multiplying number of moles with Avogadro's number. 


No, of particles of substance = No. of moles of substance x Avogadro's Number (Na) 


How many atoms are there in a sodium metal that contains 2.5 moles? 
Solution: 

Number of moles of sodium = 2,5 mol 

Number of atoms of si 


ST 
Number of atoms of sodium. — Number of moles of sodium. xw 
/" atoms nial 
15.05 x 10” atoms N 
= 1.505 x 10" atoms 


i) If we know the mass of a substance, We can calculate the number of particles 


by dividing mass of substance by vio mass and the answer is multiplicd by 
wogadro's number. E 


How many atoms ire present in SO gof gold ring? 
Solution: 4 

Massofgold = 50g 

Molar mass of gold. = 197g/mol 
Numberofatomsofgold = ? 


Mass of gold 
Numberofatomsof gold = 


Mass OF EO — Avogadro's Number 
Molar mass of gold 


—6,02* 10 atoms mol 
197gmol 
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= 0354 60210" atoms l 
= 1.529% 1^ atoms | 


Lar” 
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Practice Exercise: 
Calculate number of water molecules in one cup of water having mass eq 
200g. 


1.23 Calculation of Volume ofa Gas 
i) Ifwe know the number of moles of a gas, we can calculate the volume of a gi 


at STPby multiplyingnumber of molesofa gas by molar volume. ~> 
Volumeofagas = Molesofa gas x Molar volume 


Whatis the volume indm' of 4,7Smol of ethane gas 
Solution: A 
Numberofmolesofethane = 4.75 mol 
Volume of ethane in dm’ 1 
Volumeofethaneindm’ = Molegof'ethane x Molar volume 
~ Athol x 22.414dn mot! 

= 106.47dm" 


kon 
Calculate the volun in decimeter cube of 2.25 moles of laughing gas ( 


,0) 
ii) If we knew the mass ofa gas, we can calculate the volume of a gas at STPI 
dividing the mass of a gas by molar mass and the answer is multipli 
molacyalime? 


Mass of a x 
Volume of a gas = — Sota gas volume: 
oe Molar mass of a gas MOT 


Example 1.8 


Argon is plac 


ina light bulb to minimize the rate of evaporation of the ti 
filament. What is the volume in em’ of 3,99 ofargon? 


qu) 


Mh. — co 


pu 


Solution 
Mass of argon = 3.99g 
Volumeincm’ ofargon = ? 


Volume ofargon - Ga * Molar-volume 
mU * 22414dm'mor' 
.1»22414dm' 

2214dm' SA 
Volumeofargoninem —2214dm'«l000em'dm — 
= 2214cem* z 


used to get certain 
ions to answer these 


According to law of proportions, a pure compound always contains the 
Same element combined in the same ratio by mass 


19 
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Phas 88.89% oxygen and 11.11% hydrogen by mass, no matter what igi 


netric Relationship 
owing types of relationship can be studied with the help of balanced 
equations. 
Mass Relationship 

i$ of one substance can be calculated from the given mass of an 
and vice versa. 

Mole-Mole 
moles of one substance can be calculated from the given moles of ano 

ince and vice versa. i 

) — Volume-Volume Relationship 2 
"The volume of one substance can be calculated from the given volume of anbtla 
‘substance and vice versa. 
iv) Mole-Mass Relationship . 


The mass of one substance can be calculated fom the given moles of an 
substance and vice versa. 
= y)  Mass-Volume Relationship 


The volume of one substance can be caleulated from the given mass of 
substance and vice versa. 


How to Solve a Stoichigmetry Problem 

Step 1: Writeall the givéndata with relevant units. 

Step2: Write a balanced chemical equation for the reaction 
consideration. ©, 
Step3: Convert the given mass ofall the reactants to number of moles. 

Step: Use! the chemical equation to determine the mole ratio of 
unknown quantity to the known quantity. The mole ratio cif 
determined by dividing the coefficient ofthe unknown by the coefficient 0 " 
known. 


Moles of unknown 
Moles of known 
This mole ratio can be used to convert the number of moles of km 
quantity to a number of moles of unknown. The mole ratio is multiplied wit 
moles ofknown calculated in the third step. 
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x Moles. 


Sales Of known .— = Moles of unknown 


Steps: Convert moles back to mass by multiplying with molar mass of 
unknown substance to get answer in grams, if necessary. 


Calculate the mass of quicklime (calcium oxide) that is produced by the thermal 
decomposition of 200g of limestone (calcium carbonate), The equation for this 
reaction is: 
Sits CaCO,,, —M Ca04 + CO; S 
Stpl: Writeall the given data with relevantunits. 2 
Mass of CaO =? 
Mass of CaCO, = 200g 
.MolarmassofCaO = Ségmol' 5 
MolarmassofCaCO, = 100gmol' « 
Step2: Write a balanced chemical equation forthe reaction. 
CACO 54) —À—. Cad, + COS 
Imel(1005) - Cil 
Step3: Use the chemical equation to determine the mass ratio of the 
unknown quantity to the kiown quantity. 


100g of CaCO, ee CaO = 56g 

m ot caco, rts G0 = = 

200g géo, produces CaO = 
S 


pe produced when Sg of hydrogen reacts with an e 
© Higt Clg —> Hy j 


o] of nitrogen reacts with hy.lrogen to form ammonia, how many. 
hydrogen are consumed in the process? The equation for this react 


‘NumberofmolesofH, 
Step2: Writea balanced chemical equation for the reaction. 
Niwt 31x —— 2NHig 
Step3: Use the chemical equation to determine 
unknown quantity tothe known quantity. 


1 mole of N needs H, to produce NH, <= 3mol 


2,5 moles of N, needs Hyto produce NH 7 3 « 2,5 = 7.5mol 


How many moles of carbon didie are produced when 1.25 moles of 
arcusedbyaperon? Thcunypenisinextes The equation i 


5034, —95 6CO sig) + 6H,0( 


invi 


What maséof hydrogen can be produce r 

es Produced impositi 

water? The balanced chemical equation s vo 
HOn — 35 Brgy + Oy : 


Step 1: Writeallthe given data withrelevantunits, 
Massofhydrogen= ? : 


Molesofwater = 4.3 mo} 
| Molar Mass of H,= 2g mo! 
| Step2: Writea balanced chemical equation for the reaction, 


2H,0) —> 28 Ox 


wet 
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Spi: Use the chemical equation to determine the mole ratio of the 
unknown quantity to the known quantity. 


2moles of H,O produces H, 


= 2mol 


1 mol of H,O produces H, 


4.3 molesof H,O producesH, = 1» 4.3 =4.3mol 

Step4: Convertmoles back to mass ofthe unknown. 
MassofH, = MolesofH, x Molar mass of H, 

= 43molx2g mor 

= 8.6g É 

So, the mass of hydrogen produced by the decomposition of water 


Nitrogen peroxide (NO) isaredaishbrown gas and isused in the manufacture of 
Bep oxidation of nitric oxide (NO): 

2NO,, + Oa 2NO sq) 
Determine the volume (iflitre) of NO, produced by 12 gof NO. 


given data with relevant units. 


NUM =? 
of NO. = 12g 


MolarmassofNO = 30gmol" 

Write a balanced chemical equation for the reaction. 

2NO; + Oi ——* 2NOs 

Convert the given mass of the reactant to moles. 
Mass of NO 12 


ese ONS) == a s 
Moles of NO = xir mass of NO 30g mol” = 0.4 mol 


(8) 
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HMA 
‘al equation to determine the mole ratio of the 
unknown quantity to thc known quantity. 
2moleofNOproducesNO, = 2mol 


1 mole of NO produces NO; = = Imol 


0.4 mole of NO produces NO, = 1« 0.4 — 0.4mol 


Convert molesto volume ofthe unknown. 
VolumeofNO, = MoleofNO, x Molar volume of NO, 
= 0.4mol<22.414L mol! 


= 8.97L t 
So, the volume of NO, produced by the oxidation of NO is 8.97. 


The percentage composition is the mimber of parts by mass of an element in to 100 
parts by mass ofa compound, Bach symbol inthe formula ofa compound represents 
the mass of one mole ofatomsof the elements. The formula shows mass of one molt 
of the compound. The>chemical formula provides information about the 
composition of a compound in terms of moles, For example, 1 mole of sodium 
carbonate, Na,CÓ contains 2 moles of sodium, | mole of carbon and 3 moles 
oxygen atoi ic percentage composition of sodium carbonate tells us the relative 
masses of Na, C, and O atoms that are present in the compound, | 
A ose process is required to calculate the percentage composition oft 
und: 
k 


mi 
A T culate the molar mass of a compound. 


Divide the total mass of each element in one mole of the compound bY 


ii 3 
s mass of the compound and the answer is multiplied by 100, 
Mathematically. 
composition of an element = ofan element) , 100 | 
Percentage i x 
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Where, x is the number of moles of the element present in one mole of the 
compound. 


The chemical formula of sodium carbonate is NaCO,. It contains 2 moles of 
sodium, | mole of carbon, and 3 moles of oxygen. 
Molar mass of Na,CO,=23x2+1x12 +16% 3=106gmol ' 
4 
soageofNa = emm ae * 100 = 43,40% 


j i 

%ageofC = 1e d x 100 = 11.32% 
eno c 

%ageofo = 3iSgmoDDO 199 = 45.28% 57 
106gmof 4O 


Practice Exercise 13: K d 
Calculate the percentage of afüicipen in ammonia (NH;) and nitric acid (HNO,). 
D 
1.4 Excessand Reagents 
In many chemical. the quantities of the reactants used are usually not 


present inthe proportions indicated by the balanced chemical equation. Because the 
main objectivéof the reaction is: 

i) To produce maximum amount of product, frequently a large amount of 
inexpensive reactant is supplied to ensure that whole of the mass of expensive 
reactant is completely converted to the desired product. 

li) Toinerease the rate ofreaction. 

‘At the end of the reaction only one of the reactants may be consumed 
completely while the other reactants will remain unreacted. [The reactant that is 
completely consumed at the completion of reaction is called limiting reagen\\or 
limiting reactant). The maximum amount of product formed depends upon the 
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amountoflimiting reactant in the reaction mixture. When this reactant is consumed 
completely, the reaction stops and no further products are formed! The reactants. 


nd of the reaction arg 


which are in larger amounts and remain unreacted at t 
called “excess reagents" (or excess reactants)! The concept of the limiting reagentis 
analogous to the relationship between the numbers of frames and wheels to make 
bicycles. Suppose you want to make some bicycles. Each is made from one bicycle 
frame and two bicycle wheels, You have 70 bicycle frames and 100 bicycle wheels, 
How many bicycles can you make? The answer is 50. When you run out of bicycle 
wheels you must stop making bicycles, Cycle wheels are the "limiting reagent’ in 
the language of chemistry, because they limit the number of bicycles, The 
‘component (wheels) which produces the fewer number of bicycles is the limiting 
component while the component (frames) left behind is the excess component, 

‘Now considera chemical reaction between hydrogen and oxygen. If we react 
Gg of H, with 32g of O,, then we will get 36g of wateras: 


2H, + O, —— 2H,0 
e » 


When the reaction between hydrogen and oxygen proceeds to completi 
32g of oxygen consumes completely and the reaction stops and no more 
are formed. In this reaction, fopiiation of water is limited by oxygen (0;) 
hydrogen (H,) is in excess, Oütof 6g of hydrogen, 2g remains unreacted, Here Hi 
an excess reactant and Q,is limiting reactant. 


Identification of Limiting Reagent 

You can determine the. limiting reagent with the help of the following steps: 

i) Write the balanced chemical equation. 

ii) Canvertthe given mass ofall the reactants to moles. 

iii) Calculate the amount of product (in moles or grams, as required) from 
reactant with the help of balanced chemical equation. 

iv) The reactant that gives the least amount of product isthe limiting reagent 
v) Calculate the amount of product formed by limiting reactant, 

vi) Thereactant thatis leftover after the completion of reaction is excess!®™ 
vii) Ifyou want to find the amount of excess reagent, then subtract the 
from the starting quantity of the reactant, d 


(22) 


pum e 


a) 


b) 


Step? 
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Natural gas consists primarily of methane (CH,). The complete combustion of 


methane (CH,) gives carbon dioxide (CO,) and water: 


CH yg) + 2024) > C044 t 2H;00 
How many grams of CO, can be produced when 30g of CHyand 50g o f 
O, areal lowed to combine? 
How many grams of excess reagent are left unreacted after the 


completion of reaction? 


Solution (a): 
Mass of methane (CH,) = 30g 


= 50g 


Mass of oxygen(@,) 


Mass of C@, in grams =? 
Mass of excess reactant left behind in grams = ? € 


Step 1: Write balanced chemical equation: 


CHyg)+ 205 > CO, *2H09) 
'actants in to their moles: 


Convert the given mass of both 
iven mass FCH} _ 30g __ $ 
Moles of CHa = Safar mag So ET 1.875 mol 
givensmass of 0, _ 508—1763 mol 


Moles of Os = ng inten 
ber of moles of product from each reactant 


Step 3: Calculate them 
irc imer of moles of CH, with those of CO, 


Compare the. j 
From the balariced chemical equation we know: 
1 mole. jeproducesCO;  — lmol 

es CO, - 1x 1.875 mol 


i ‘of methane produc 
: GED = 1,875molofCO, 


the numberofinoles of O, with those of CO, 
From the balanced chemical equation we know: 
2 moles ofoxygen produces CO; = 1 mol 
__Imol 
1 moles of oxygen produces CO,= —,71- 


0.5 x 1.563mol 


Compare 


1,563 moles: ‘of oxygen produces CO; 
= 0.7815 moles of CO, 


From the above calculation, it is clear that the limiting reactant jg 
O, because it produces fewer amounts (moles) of product (Co,) 
than CH, | 
Notice that the limiting reactant is not necessarily the reactant | 
which is present in small amount. 
Step 4:Now multiply the moles of CO, with its molar mass to get amount| 
of carbon dioxide produced at the end of the reaction. 
Mass of CO, in grams= Moles ofCO,xMolar mass of CO, 
= 0.7815 moles x 44g mol! 
= 34.39g 3 
(5) Y 


Step 5 The quantity of limiting reactant can also be used to calculate the 
quantity of excess reactant used: e 
2moles of O; reacts withmolesofCH, -£ fmol 
1 mole of O; reacts with moles of CH)? = 4 mot 
1,563 moles of O; reacts with moles of CH,= } »1.563mol 

oO = 0.7815 mol 

Step 6/The mass of methane (excess reagent) is equal to the starting 
quantity minus the amount used during the reaction. 
NumberofmolesofCH, = Starting quantity - Quantity use 

GU 1.875mol- 0.7815mol 
Xe .0935 mol 
Mass of CH, (excess reagent) = Molesof CH, x Molar mass 
3 1.0935 molx 16g mol 
75g. 


> 


Practice Exercise 14: 

Which of the following reaction mixtures could produce the greatest 

product when they combine according to the reaction given below? 
N, + 3H; ——> 2NH, 

mole of N; and 3 moles of H, 


a) Imo OIN; and3 moles of, 


p) 2m0! 
(24) 
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L » bommido-yilnipcn snb: 
c) 1 moleof N, and 5 moles of H, ae Vice S RET 
d) 3mole of N, and 3 moles of H, sen vinin 9406108 M 
€) Each produce the same amount of produet ab 


S od! cborassmretpmr 


Chemistry is a Quantitative Science 
P ‘Stoichiometry is very important in medica] s 


increase: 
* Determine the cholesterol level in the blood of patients, 
thatsnot all bad. But cholesterol can haveharsul ine a 
P Mis helpful in determining the amount of drugs to, sive apatient, 
given in small amounts and can cause tonic state 
amounts, For example, paracetamol is used as a pain kil 
overdose may resulta blood thinning, organ damage an 
is the stoichiometry that enables 
| | trvelbefore needing tobe refüeled. 


-5 Percentage Yield 
The amount of product either calculated from balanced chemical equation or 
ctually obtained from a reaction is called yield or chemical yield 

The amount of product calcülated from balanced chemical equation is called 
heoretical yield or expected yield while the amount of product actually obtained 
(roma chemical reaction is called actual yield or practical yield. Ifthe actual yield is 
ery low, the final cost catibe very high. 

In most chemical reactions, the amount of product obtained (actual yield) is 
ways less than theoretical yield due to following reasons: ‘ 
) In some reactions the products formed may react further among themselves or 
ith the reactants (Side reactions take place) that give products (by-products) other 
ian the main product, 
i) Many reactions are reversible. They do not go to completion. In these reactions 
!c products formed react to produce the original reactants, £ 
) Impurities in the reactants. Suppose you want to prepare chlorine gas from 10g 
f NaCl that contains some impurities (the substances other than sodium chloride 
Bo you do not know exactly how much pure sodium chloride you have. If you 
palculate the amount of product from equation, it should be greater than the amount. 
(25) 


pete 
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Of product actually obtained from a reaction. It means that there is not 10g of p 
NaCl in the sample. 
iv) Moreover, many reactions simply are not complete; some amount of re 
remains unreacted at the end of the reaction. 
V) Loss of product during separation, filtration, washing, drying, distillat 
crystallization ete. 
For these and other reasons, it is useful to point out a difference between f 
theoretical and the actual yields of a chemical reaction and to calculate ý 
percentage yield. Actual yield divided by theoretical yield and the answer 
multiplied by 100 is called perc 


Significance of % age yield: 
i) Percentage yield shows efficiency of reaction. 


ii) Greaterthe% age yield, higher will be the efficient of reaction and vice ver 


Lithium on heating with nitrogen produces lithium nitride: 

6Li + NQQ'———À  2LuN 
When 30g of lithium reacts with'àn éxcess of nitrogen then how much lithiü 
nitride is produced? If the actual yield of lithium nitride is 38g, what is! 


percent yield of the reaction? 
Solution: g 
Given mass of Lithidm = 30g 
‘Actual yield of LEN = 38g 
‘Mass of lithitisa nitride produced = ? 1 
Percent. ofthe reaction =? ; 
Befo jing to calculate percent yield we must know about theoretical yiel 
anid actual yield. 
i) Theoretical yield: 
Equation: 5 
6Li + N, ——> 2N 
6moles Excess 2 moles 
or 42g 70g ^ 
According to the above balanced chemical equation: 
42g of lithium produces lithium nitride = 70g 


(28) 
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1goflithium produces lithium nitride. - 


30g of lithium produces lithium nitride — fea 


= 50g 
So, 


Theoretical yield of lithium nitride is 50g, 
ii) Actual yield of lithium nitride 
Actual yield of lithium nitride is 38g. 


5 ES 1 2888.. 
Yoyield of lithium nitride = She «100 


Practice Exercise 15: 
Iron sulphide is produced by heating iron th sulphur: 

Fey + Sy o> Feu " 
When 28kg of iron is combined with-éxcess of sulphur, 40 kg of iron sulphide 
(FeS) is formed. Calculate the pereentaxe yield ofthe Fes. 


602» 10^ sons este 
Fa substance is called Sy 
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> The volume occupied by one mole of an ideal gas at STP is called 
volumeand this amount is equal to22.414 dm - 3 

> The limiting reactant is the reactant that is consumed first in a cl 
reaction and produces the smallest yield. When this reactant is co 
completely, the reaction stops and no further products are formed, The 
thats left after the reaction has stopped is known as excess reagent. 
The amount of product which is 
called theoretical yield. The amount of p 
takes place is called actual yield. The ratio of 
called percent yield. Percent yields may range 
100 percent. 


a rs 
Ws 
SS 
Fouranswers are given for each question. soi ihe correc! answer. 
i) The branch of Chemistry which deseribes the relationship b 


the amounts of reactants and products ina balanced chemical eq 
called: 1 

(a) Physical chemistry M6) Biochemistry 
Stoichiometry (d- Organic chemistry x 
What are the number dfcovalentbonds in 68g of H:S gas 
3.01x10" = (b) 6.02x10" 
24110" O° — (d) 24.1x0 
"The mass 6[O, required to burn 0.1 mole of C, H,OH is: 
322 4 (b) 32g 

568^ mtd) 9.6g 

Equation: ^ CHOH430, ——+ 2CO,+3H,0 
iy) The volume occupied by 1.4g ofN, at STP is: 
Ye) 224dm. (b) 22.4dm 

1.12dm' (à) 112dm’ : 
‘Abeaker contains 9 gof water. The number of hydrogen| 
(b) 3.01 10^ V 


(b) protons 
(d) ia 
(28) 
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vii) The largest number of molecules are present! 
(a) 4SgofC.H,OH tb) 3.6gofH;O t 
(©) 2.8g0fCO (d) 54gofN,O; 3 
viii) Limiting reactant is that: i 
(a) Whichremains unreacted 

(b) Which gives maximum amount of product 

(c) Which gives minimum amountof product 


(d) Which has low-price d 

ix) Theamountof product obtained practically is called: 

(a) Expectedyield (b) Theoretical yield Sy 

(c) Actual yield (d) fractional yield NS 

(a) Limiting reactant (b) Excess reacíant d 

(c) Expensive reactant (d) Restricting reactant > 
Q2: Fillintheblanks with suitable words given ja the brackets: 


i) A balanced chemical equation has the: number of atoms 
ofeach element on both sides of the equation. (same / different) 

ii) There are __ ae in two moles of CH,OH. 
(6.02x10"/ 12.04% 107) x 
i) Thenumber of atoms ione 2 mole ofneonis 


12.04% 10") 
iv) Themassof. molesof N, is 56g. (one/two) 


v) The space occupied by 0.50 moles of Cl, at STP is 


(11.207dm /22 414dm') 
vi) The equal volume of all gases 


-(6,02x10"'/ 


atSTPhas — number of 
masses. (equal / different) 


molecules but they have 5 
vii) The percentage of nitrogen in N;O, is — (30.43% / 
69.57%) 3 

viii) 1 mole of CujO has atoms of copper and —- = 


T 
atomsofoxygen. (6.02x10 ^ /12.04x 10 ) 


ix) Limiting reactant gives. 

Maximum) 

x) Actualyieldisalways —— — 
(28) 


amount of product. (Minimum / 


than theoretical yield. (less / more) 
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Q3: 


Q4: 


Q5 


Q8: 


Q6: 
Q.T: 


EEEE E 


Label the following statements as True or F 
i) Stoichiometry tells you that how to calculate the quantities 
substances involved in a reaction. 1 
ii} The stoichiometric calculations can be performed only wh 
Avogadro's law is obeyed. 
ili) Oneatom of Mg is hwice in mass as compared to one carbon atom. 
iv) The reactants are on the right side of arrow in a chemical equation 
v) Avogadro's number is represented by NA. : 
vi) The number of hydrogen atoms in 1.5 moles of HS is equal to 
number of hydrogen atomsin 1,5 moles of HT 

vii) Themolarmass of PO; ionis 9Sgmol RE ~ 
viii) Tonic compounds consist of molecules. v b 
ix) Theamountofproduct calculated from balanced ehemical equatio 
calledactual yield. 
X) Greater is the percentage yield; higherswill be the efficiency 
reaction. n 

What is stoichiomeuy? Why is stoichiometry important? Give som 


examples. 

Give the principles and relationships of stoichiometric 

How can you solve n Stoichiajnetry Problem? 

a) Define and explain mole and Avogadro’s number with examples 

b) Define and expleny-molar mass and molar volume with exi 

How can we calculate te molar mass ofa substance? 

c) What does tlie mole have in common with the pair, the dozen 

thegross? 5 

Explaingiie following: 

a) Whátisthé mass, in grams, ofonemoleof C"? 1 A S 

b)- | How many carbon atoms are present in mole of’? 66 
46) What is Avogadro's number, and how is it related to the. mole? | 
7d) Avogadro's number of atoms of different elements has 

masses. 

e)  Whychemistsuseroleasa Tha pope er A d 
f) Which would have a higher ^a mble of Na atoms orar 
atoms? ji 

would contain more atom: m 

Hie. A ANC qum s: a mole of Na atoms ora. 
h) Howmany atoms represent in 1 molar mass of sulphuric acid? 


(30), 


culations, 
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Q0: Be hae Aimiting and excess reagents? How will you determine 


them? 
b) Can there be a limiting reagent ifonly one reactant is present? 
c) Weuse expensive reactants in small amounts and inexpensive in large 


‘amounts, why? 
Givean everyday example that illustrates the limiting reagent concept. 
Define theoretical, actual yield and percentage yield. How do we calculate. 
the percentage yield ofa chemical reaction? 

Q.I3: Actual yield of a reaction is always smaller than that of theoretigpl yield, 
why? 

Q.14: How much iron is required to produce 162.3g of FeCl, wl 
excess? & 
2Fe+3Cl, ——> 2FeCl, e 

Q.15: Calcium metal reacts with oxygen to form cal Cao. 

3) Writea balanced equation for the reaction: ? 
D) How many grams ofoxygen are required to react with 35g of Ca? 
c) How many grams of CaO will be produced? 


16: Urea, a fertilizer, can be prepared jfihe laboratory by the combination of 
to the following balanced 


ammonia and carbon dioxido 
‘equation: 

2NH,,* COs,, INI. CO,, t H0, 

(a) Calculate he numberof moles of urea formed by the combination of 


2.75 moles of ia. 
(6) Calculate the number of moles of carbon dioxide needed to combine 
with 2.75 ammonia. 

117: Oxygen gassean be prepared by the thermal decomposition of potassium 
chlorate (KCIO.) in the laboratory: 
2KClO, —— 2KChy +30.) 

How many grams of oxygen can be prepared from 5 moles of KCIO,? 


VIR Acetylene gas (C,H) is used for welding and for the artificial ripening of 
fruits, Acetylene gas reacts with hydrogen gas to form ethane gas (C.H, 
The balanced chemical equation for the reaction is: x ; 
CHa) tha — CHoy 

(3) 


QI: 
Q2: 
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IF 10 grams or hydrogen gas reacts with excess acetylene, how m 
- Ofethane gas can be produced? : 
Q:19:- Octane (C,H,x) is a component of gasoline that burns accordin 
equation: 
2C,H,+200, ——» 16CO.*8H,O 
How many moles of O, are needed to burn 2-5mol of CH? 
: Calculate how many moles of oxygen are required to make 
aluminum oxide. The balanced equationis: 
T AAt IO — 2. 2AL 00 
Q21: Whatare the Molar Masses ofthe following Compounds? 
i NH, i) HO 
~ 0H) H0, iv) CH,0H 
| v) NHBr 


Q.22: How many molesare in each ofthe follo les? 
© i) 10gofCa ii) 100g =: 
iW) 30gofNaOH iv) 94.588 HNO, mo 


© v) A02gofHCIO, ar wm ] 
Q23: How many gramsare in qiiis? 
i) N i x 
ii) CaO cQ Kor 
v) CoCl6H.Q. ^ 
Q.24: How many gnlesarein 25g ofeachofthe following substances? 
) Eoo ii) -Ni 
iii) CS. iv) CFC 
yx FeSO, 
25g How many particles are present in 2.5 moles of carbonate i 
9 2x10 molesofaspirin(C,H,0,)? 
0.26: Whatisthevolumeof 1.25 molesofSO, and 0.50 moles of 
6.27; Butane gas is a fuel and used in pocket lighters. Its molecu 
C H,,. Calculate its percentage composition. j 
0.28: Calculate the percentage of oxygen in each of he following: 


i) SO; ii) SiO, 

ii) (HCO) SO, 

y) CHO, E 
(32) 
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j29: Hydrogen ad bromine react to produce hydrobromic acid: 


H, + Br. > 2HBr 
How many grams of HBr are formed from reaction of 4.50g of H, with 


15.75g0fBr;? Which reactant is limiting 
|: How much water can be made from 50g of hydrogen and 50g of oxygen b; 

thereaction? 

3H,+0, ——> 2H,0 

When 30g of silica reacts with 12g of carbon, silicon carbide is produce 

this is an important ceramic material. 

Si0,+3C ——— SiC + 2C0 3 


(Silicon carbide) > 
Calculate which reactant is limiting and how much siffeon carbide is 
ye 


produced. E 
i WNhon227go NH NO decomposes how much ABL Dar formed? 


NH.NO, | ——— NOs2H,0 E 
: 4.64g of iron reacts completely with an exer uso, ‘and gives 5g ol 
copper. e 
Fel Cuso, ——> FeSO,* Cu oS 
33: What is the theoretical fiela of Sveti? 
the reaction? 


b) What is the percentage yield oft) 
Hydrazine is used as fuel in rackets and ean be prepared by the followin 


as ~ 
Wi- Daas eye : 
massat GS = SSS 


Sew 
Ne of eV «M 
le mb moles ABE. Swen 
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2.1 Discharge Tube Experiment à 
22 Planck's Quantum Theory 
* 2.3 Bohr's Atomic Model 
24 X-Rays 
5 Quan Numbers and Orbitals 


Electronic Configurat 


Learing outcomes 


** The students will be able to. 
. 


Summarize Bohr's atomic theory. (Applyatg) 
e Use Bohr's model for calculating rudifaforbits. (Understanding) 

* Use Bohr's atomic model for cafetilating energy of electron in a given orbit? 
hydrogen atom 


Relate energy equation (for&léctron) to frequency, wave length, and wave nuh 

of radiation emitted or absorbed by electron. 

Explain production, pfépérties, types and uses of X-rays, (Understanding) 

Define photon as wun of radiation energy. (Remembering) 

Describe the corieept of orbitals, (Understanding) 

Explain the significance of quantized energies of electrons (Applying) l 

Distinguiskamong principal energy levels, energy sub levels, and aiot 

orbitals Understanding) 

Describe the general shapes ofs, p, and d-orbitals (Understanding) 

Relate the discrete line spectrum of hydrogen to energy levels of electrons it 

hydrogen atom. (Applying) 

© Describe the hydrogen atom using the Quantum theory (Understanding) y 
Use the Auf bau Principle, Pauli Exclusion Principle and Hund's Rule 0 W"! 
electronic configuration ofthe elements (Applying) 

e Describes the orbital 
energy. (Understanding) à 

e Explain the sequence of filling ofelectrons in many electron atoms (Appl 
Write electronic configuration of atoms (Applying) 


nn 


i 


ciel 
* ef hydrogen atom in order of inti 
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Introduction 
We know that univers 
means that eve: 
be seen by you. 
breathe, the ch; 


The theory of the. atom has had a long history. The. Greek 
was among the first who d 


r ibed the mater al world as m; 
particles which he called ato 


h ms, derived from the Gre at 
“uncutable” or “indivisible This hy 


ypothesis was fot based 
observations, The idea of Democritus Was not accep by Plato and 
Scientist of the same time, M 


In 1803, John Dalton, an En, 
chemist, meteorologist, and physicist proposed the mi 
modern theory of the atom which was experimental based 
He is best known for his pioneefing work in the 
development of modern atomic theory; dnd his research into. 
olor blindness. He postulated thatall matter is made of 
extremely small particles, calledatoms, and that all atoms of 
! given element are identical; but they are different from ee 
itoms of all other elements. 


glish sch@ol teacher, 


On the basis of Dalton's atomic theory, the atom can be defined as the basic 
init of an element that can enter into chemical reaction. In this regard, he is 
ecognized as the'fáther of the atomic theory. However, this theory raised more 
luestions and a series of investigations, in the late 19th century, began 1o suggest 
hat atoms are made up of even smaller particles which are called VOU 
articles. These particles include electron, proton, neutron, Pee rius pa tc. 
The arrangement of these particles within an atom determines its phy: 
hemical properties as well as its structure. 


Ll Discharge Tube Experiment : 
illiam aan a British physicist, and other scientists designed the discharge 
bes which were called the Crookes discharges tubes or cathode rays 


(35) 
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Tubes. This discharge tube was later slightly modified by J.J 
Thomson. The Crooks tube was used by Crookes in à 
number of experiments and was later used in experiments 
leading to the discovery of protons by Gold Stein (1886); X- 
fuys by W. C. Roentgen (1895) and of the electron by J. J 
Thomson (1897). 


Construction of Discharge tube 
Discharge tube (cathode rays tube) is 
glass tube from which most of the air has been evacuated. It has twa 
electrodes (negatively Jelectrode, cathode and positively charged electro 
anóde)Itis also connected to a vacuum pump to reduce pressyreinside the túb 
filled with a gas, air or vapours of a substance under lowppressure (10 terr) 
(5000-10000 V). 


thick walled ue 


electrodes of this lube ure aitached toa high voltage 


ftre 2.1: Discharge tube (cathode rays tube) 


2.1.1 Cat derays-Discovery of the Electron 

iss through gases at ordinary pressure, When pr 
id high voltage is applied, then the gas begins loc 
ng a uniform glow inside the tube, The colour ol 


depen 


ischarge tube, the à 
oa red colour. When pressure is further reduced to 0.01 torr, glow di 


"ind some invisible rays are produced in the tube, traveling from the 
charged electrode (the cathode) to the positively charged electrode (hë 
‘They produce glow on the zine sulphide (a substance that produces a Vis 
when struck by à charged particle) coated glass wall of tube opposite to the’ 
Theseraysare emitted fiom cathode, henee called eathoderays. 


(36) 
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Crookes and many other scientists conducted numerous experiments with 


discharge tubes to study the p: hron es during 
1870s. From experiments, Crool were actually some 
sortof parties which possess momentum and kinetic energy but other researches 


belived cathode rays were form of ight. 
In 1891, George Stoney, an Irish scientist, proposed that electricity was 


made of negatively charg jescalled electrons. 
( Electrons yx 


modified Crookes tube and calculated the change-to-mass 
ratio forthe electron by studying the degree of deflections of 
cathode rays in different strengths of electric and magnetic” 
fields, He concluded that electrons are much smaller and Sen Joho 
fighter than atoms. He found that the mass of onc of thes&@~_ (1856-1940) 
particles was almost 2,000 times lighter than a hydragerr 
atom. Thomson suggested that atoms were divisibl that the electrons were the 
basicconstituent of matter. e 

J.J, Thomson got Nobel Prize in 1909: p hysics for discovery of electron 
and forhis work on the conduction of elec! in gases. 

Rae 

In 1869, Hittorf observed that 
cathode rays. produce shadow. when 
tnopaque object is placed ips way 
This proves that they ] in straight 
line in the absencevaf électrical and Figure 2.2: Cathode rays cast a shadow 


magnetic field... ^ 

i) In 1870) William. Crookes 
demonstrated that cathode rays can 
folate a small thin mica paddle wheel 
placed in their way, It proves that 
cathode rays consist of particles 
having definite mass, velocity and 
Teena Figure 2.3: Cath be rays rotate a small 

paddle wheel 


[7] 
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|. Perrin demonstrated 


that cathode rays bend towards 
positive plate of electric field. This 

Shows that, they are negatively 

charged. PI z 

iv) In 1895, Wilhelm Roentgen 

demonstrated that cathode rays 


Figure 2.4: Deflection GF Eade Tays 
sa the presence of clectri field 


produce x-rays on striking with heavy 
metals anode like tungsten. 

v) In 1897, J. J. Thomson 
demonstrated that if they are passed 
through magnetic field, the magnet 
neither attracts nor repels the particles 
but causes them to move in curved 
path perpendicular to the line drawn 


between the poles of the magnet. 
vi) Thomson also determined e/m, 


ratio of electrons. He found that she) 
e/m value of electrons remained same, 
no matter which gas is used)in the 
discharge tube. ot 

Vii) They increase the temperature of 
object (platinum foil) on which they 
strike. It provesiliat they have particle 

K 


nature. 


Figure 2.5: Deflection ot cathode rays (nh 
presence of magnetic field 


 Nowad: ys cathode rays are used as advertisement neon signs. Television pis 

and monitors of computer are also cathode rays tube. The television 

pictures result due to fluorescence on the television and monitor screens co: 
certain fluorescent materials. E 


vii) They produce glow when ZnS is placed in their way. 


jx) Theycanionizeagas 
2). They can pas through very thin sheet of meta 
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xii) They ase a chemical change because Of their reducing power. 


Measurement of e/m Ratio of Electron 


1n 1807, J. J. Thomson measured e/m ratio of electron. A discharge tube used for this 
purpose is shown here. 


Figure 2.6: Discharge tube used for measurement of charge 8 ratio ean electron 

Ìn this experiment, a beam of cathode rays is passed through slits of anode, 
Then cathode rays (electrons) are allowed to pase through electric and magnetic 
fields. In the absence of any field, the beam offelectrons gives bright luminous spot 
AU When only magnetic field is applied, the beam of rays (electrons) strikes at 
Point P.. When only electric field is applied, the electrons strike at point P}. When: 
both the fields are applied simultaneously, then electrons again strike at point P. 
Hence by comparing the strengths of both the fields and with the help of 
‘mathematical calculations, J;1 Thomson determined the e/m ratio of. electrons, Its 
calculated value is equal to 1.7588 x 10" coulomb kg”, this means that lkg of 
electrons have 1.7588% 10" coulombs charges. 

After the. Ghiirge-to-mass ratio for the electron: had been determined, 
Additional experiments were necessary to determine the 
Vlicofitscharge so that the mass should be calculated. 


Measurement of Charge on Electron 
(Millikan's Oi Drop Experiments) f 
1n 1909, Robert Millikan working at the University of 


Chicago, determined the charge on electrons by oil drop 
Xperiment. 


Robert Andrew Milin 
(1868-1953) = 


(38) 
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premers 


— Theapparatus consists o! 
i) Ametallic chamber havi kipapa t 
‘The upper part: It has an oil atomizer (sprayer 
The lower par It has two 
electrodes A and B. These electrodes. 
are used to produce electric field in 
the space between the electrodes 
ii) There isa telescope in lower part 
toobserve oil droplets 
iti) X-rays are used in the lower part 
of chamber far ionization of gas, 
iv) Anarc lamp is used to illuminate 
the space between the electrodes. 
v) Avacuum pump: It is used to 
adjust the pressure inside the 
chamber, 


Working 
A fine spray of oil droplets is 
produced by atomizer in the space abov. 


Figure !'5 oil drop experiment 
"meas the charge of an electron 


MEAN plates (electrodes). A few drop 
les through the small hole. Thc I 
the arc lamp is turned on to illuminate the space betweent! 
electrodes, Without applying eléetric held, the droplet falls under the foree! 
gravity. The velocity of fall óf the droplet is measured. The velocity of droplet 

ight 


Vi mg 


- a 
Now the air resent in the ci 


a battery, In this way? 
Tees (force of gravity 
1S move up wards against the force of gil 


puM——— 


; 
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V, xH 


By putting the values of velocities (V; and V3), force of gravity (2), mass of 
roplet(m) and electric strength (H), the charge (e) on oil droplet is calculated. 

By changing the strength of electric field (H), Millikan and his coworkers 
found that the charge on each droplet is different, The smallest charge which they 
found was 1.59 x 10" coulomb, This was the charge of one electron. This value 
very close to the recent value of 1.602176 x 10" coulomb, With this value and the 
charge-to-mass ratio determined by Thomson, Millikan was able to galeulate the 
mass ofthe electron as 9.11 x 10” kg, 


‘The mass of an electron can be calculated fromthe values of charge-to-mass ratio 
(e/m)and charge on electron (e) 


58820 x 10" coulomb kg | 
1.602176 x 10" coulomb / electron 


o/m value of electron 
Charge of electron 

Massoľaneleciron A 
Mass ofan electron « ci 


By putting the. ae wehave: 
76 x 10"C / electron 


Mass oficejo 1.758820 x 10"C/kg 
L = 9.10938 10^" kp/electron 


= 9.10938 » 10" g/electron. 


.L2 Discovery of Proton 

n 1886, Eugen Goldstein took a discharge tube in which cathode was perforated. 

le observed that another type of rays was also travelling from anode to cathode 

long with cathode rays in the discharge tube, He observed a glow behind the 

athode. This was due to striking of rays on the glass wall after passing through the 

anals or holes of cathode. Hence these rays were g through the canals of 
(4) 
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Cathode; therefore, they were called canal rays. Later on 
these rays were called positive rays. 

These rays do not emit from anode. The: 
ions which are formed duc to striki 


e positive 


tube, As a result of this, they cje 
of gas molecules. 


Eugen Goldstein 
(1850-1930) 


Figure 2.8: Canal q^ 


Properties of Canal Rays 
Properties of canal raysare: 

i) They movein straight line towafüs cathode. 

ii). The behaviour ofthese particlésin the magnetic or electrical field is opposit 
that observed for electron oxcathiode rays 

iii) Charge to mass (em) tio is much smaller than that of electron, Charge to 


ratio depends upon the nature of gas present in the cathode rays tube. Heavier 
gas, smaller the e/mTatio. 

iv) The lightest and simplest positive ions (canal rays) were produced fis 
hydrogengaSand were called protons. The name proton was given by Ruther 
y)_Thémhass of canal rays isnever less than that of proton, 

vi) Mass of proton (positive particle) is 1.00727amu or 1.6727 x Y" Kg. 

vii) Charge of proton is 1.6022 x 10 "coulombs. 


p—————] 
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2.1.3 Discovery of Neutron 

In 1920, Rutherford predicted that some neutral particles having mass equal 
ent in the nucleus of an atom, Because he observed that 
only one proton and that the helium atom has two protons 


io proton must pre 
hydrogen atom hi 
‘Therefore the mass of helium must be two times greater than that of hydroge: 
(electrons are much lighter than protons, their masses can be ignored). In reality, it 
was four times the mass of hydrogen atom. The added mass was due to another 
subatomic particle found in the nucleus, the neutron. But he failed to discover this 
subatomic particle 

In 1932, a British scientist, Sir James Chadwick 

discovered neutron by artificial radioactivity and was 
awarded noble prize in Physics in 1935. 

Chadwick bombarded a thin sheet of Beryllium by < 
 aeparticles: He found that some highly penetrating 
radiations which have mass slightly greater than thal-of 
protons were produced. These radiations wereCoalled 
neutrons because the charge detector showed ther to be 
neutral. Their nuclear reaction is: 


, but it has no electric charge. 
to be electrically neutral, and that 


to the number of protons but the 
to the numbers of protons 


Properties of neutrons are: 
They are neutral particles. 

) They cannot ionize gases. 

They are highly penetrating particles. 

iv) They ean knock protons out from paraffin, water, paperetc. 

|) The mass of neutron is nearly equal to proton i.e. 1.00867 amu. 
i) Freeneutron decays into a proton, clectronand neutrino. 


(43) 
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i —— iP fe + 
vii) — When neutrons t vel with nei 1-20 MeV. they are called fast ne 
3 hen they 


viii) When mnes are used as a project 
example: 
a) jn + YN ———5 5B « iHe 
b) jn + Cu —— SCu «hv 
om Scu — $Zn + fe 5 
They are used in the treatment of cancer, in nuclear fissiGw and to proi 
radioactive elements, 


Keep in 


different numbers of neutrons. Such said to be isotopes of each other. 
isotope of an element is usually by its mass number (A), which is del 
the sum of the number of protons sd 


How can you calculate the mass of proton relative to electror 
Solution: 


Mass of proton 


1.67262x107*g 


Mass of electron = 9.40938x10 7g 
Mass of proton relative to electron 


ple 
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1 — Mass oF proton 
nive to electron = Mass of electron 
5 


_ 1.67262 x107 
9.10038» 10 ^g 


ANLE AE 


2.2 Discovery of Nucleus and Rutherford'sAtomic Model 


2.2.1 Discovery of Nucleus 
fn 1911 the New Zealand physicist Lord Ernest Rutherford 
in England performed an experiment, He bombarded c 
particles on thin gold foil of 0.00004em. The particles 
were emitted from a radioactive metal (poloni ot 
adim) During experiment, he observed that, mgst of the 
particles (more than 99%) passed through "metal foil 

directly without any deflection, but less th (about | of a 
every 20,000) was deflected at diffepsfDangles. Some of — (1871-1937) 


these were deflected backward. vere detected by 


photographic plate coated by. 209 z 
ERR this experiaient were put forward by Rutherford in the form of 


Rutherford's Atomic. Model 
Q5 ne 


of Apia Rays 


‘Atom of Gold Foi 
Undetles 


Figure 2.9: Few Alpha Rays are deflected which shows 
the presence of small positively charged nucleus 


(48) 
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or 
Main points of Rutherford’ 
i) Most of the volume of 
the nucleus, 

ii) Nearly all the mass ofan atom is present in the central part, called nucleus! 
iii) The size of nucleusis very small as compared to the size of atom, 

iv) Nucleus of an atom has positive charge, This is indicated by wide rang 
deflection of few-particles 

V) Positive charge on nucleus is equal the number of protons in the nucleus 

Vi) The nucleus is surrounded by a number of negatively charged particles, cally 
electrons. 

Vil) The number of electrons (negatively 
charged particles) is equal to number of protons. 
(positively charged particles) in an atom. 
"Therefore, atom asa whole is neutral 

Viii) The electrons are in constant motion around 
the nucleus at large distances with very high, 
velocities like plants around the sun in their, 


atomic niodel are as follows 
an atom isempty space in which electrons move arg 


orbit: 
ix) Protons and neutrons are presentein the 

nucleus and they are called nucleons, <2 [eL 

X) There is electrostatic force «attraction Rütherford's Atomie Ma 


between protons and electrons 
Defects in Rutherford's MGA 

Rutherford's atomic modebwas similar to our solar system. It has following defl 
i) — Rutherford's atomic model was based on the 

laws of gravitation. and motion which could Nucleus 
applied to the neutral bodies like plants but not to 

the charged particles like electrons and protons. 

i) Accordiiy to Maxwell's theory, charge 

particles ie! electrons revolving in an orbit must 

radiat@ (emit) energy. Therefore energy of 

electron must decrease and it will go into spiral 

motion. So finally it should fall into the nucleus. 

Thus the atom would collapse. 

iii) If revolving electrons release energy 


Ele 


tinuously, then they should produce a Hgue2dh o 
mimus specirumpbutin actual practice, line — Spivsl Motion of He 
spectrum in produced by an atom 


(48) 
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24 Planck's Quantum Theory 
In 1900, a German physicist Max Planck gave quantum 
theory of radiation. He studied the emission and absorption 
of radiations which are obtained from hot objects at 
different temperatures. Planck said that atoms and 
molecules could emit or absorb energy only in discrete 
quantities (small bundles). Planck gave the name quantum 
(meaning “fixed amount") to the smallest quantity ofenergy Max Planck 
that can be emitted or absorbed in the form of (18581947) 
electromagnetic radiations. 
Main points of this theory are: 
i) Energy is not emitted or absorbed continuously in radiation fornf; 
ii) Energy is emitted or absorbed in packets. Fach packet is cülfed quantum. In 
case of light, the wave packets are often called photon. 
iii) Energy ofeach quantum is directly proportional to theffequency of radiation. 


Ea Y or 
E= hy 
Where, E is Energy of quantum, » (nu) is Efeque 


di 


and / is Planck's constant. 


Its value is 6.6262 x 10 “J. sec. | 
iv) Anatom or molecule can emit or alisorb either quantum of energy (hY) or any | 


integral multiple of a quantum (nhY)c, 
B= nl e RD 


Where, n = 1,2, 3, 4, oS 
The energy can be erhitted as hy, 2h», 3hy and so forth but never as 1.5hY, 


2.6hY, 4 3hy or any other fractional value of hy. : 
In 1918 Planck was awarded the Nobel Prize in Physics for his work on the 


juantum theory: 


Frequency 
rhe numberof waves passing through a point in one second is called frequency. Itis 
hown by. Its units are hertz or cycles/sec. It is measured by spectrometer 


y 
Where c is velocity of light that is 3  10'misee and A (Lambda) is 
vavelength, 
Note that y is directly proportional to c and inversely proportional to 2 
(47) 
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Wavelength 


The distance between two adjacent crests or troughs of wave is called wavelen thy 
isshown by A (Lambda). Its units are m, nm or 4 
‘Table 22: Units of Wavelength for Electromagnetic Radiations 


Amplitude e 
The vertical distance from the midline of a wave to the rest or trough is cl 


D 
thei mee ave length. Itis shown by (nu bar). 
As, 


Itsunitisem ". ItsSLunitism ' 


Atomic Number 
The number of protons in an atom is called atomic number. It is also ca^ 
number. It is shown by Z, Atoms are neutral because they have the same 


(48) 
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electrons and protons. The number of electrons in a neutral atom is also equal to the 
atomicnumber. 

Relation between Frequency and Wavelength 
The frequency isrelated tothe wavelength ofthe photon: 
Ves 


By putting the value of vin equation (i), we get 
c 
E=h X " e (iii) 
So, energy of photon is directly proportional to velocity of light and 
inversely proportional to wavelength. 


Relation between Wavelength and Wavenumber 
Wave umber) isthe inverseof wavelength. 


cies 
re or 

E= hoy p e- (iV) A 

So, energy of photon is directly proportional fa wave number. 


24 Bohr'sAtomic Model 
In 1913, the Danish scientist Neil Herfik David Bohr 
explained spectrum of hydrogen atom, He received the 
Noble Prize in Physics in 1922 forsthis work. Bohr's theory 
was based on Planck's quantum théory. 

‘Themain points of this theory are: 
i) Electrons revolve around the nucleus in the circular 
Path called orbits or energy levels or shells. Electrons in Uu hes. 
Cach orbit have a definite amount of energy and are ata fixed (1885-1962) 
distance from the nucleus. 
3) Electron does not radiate (emit er abserb) energy as long as itis revolving in its 
orbit. 
Jii) The electron absorbs energy when it jumps from lower orbit to higher orbit and 
it loses energy of one photon when it jumps from higher to lower orbit 
jV) When an electron jumps from one orbit to another orbit, there will be a change 
in energy. For example when an electron jumps from first orbit ( E. )to second orbit 
E,),then the energy changeis given by Planck's equation, 
(48) 


Wu | 
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27E, = hv or 


AE 
Where, 
AE is change in energy, *h’is Planck's constantand ‘Y'is frequency 
The angular momentum (mvr) of an electron revolving around the nucley 
W Quantized, Itis an integral multiple of Planck's constant (nh) divided by2r. 


E,-E,=hy 


Angular momentum (mvi) = 5 
Where, 
n = 1,2,3,4,...00. Itrepresents number of orbits, 
*m'is mass of electron, 'v'is velocity of electron and 'r'isradius of orbit 
By putting the values 1,2,3, ete. of n, we have: 
NER h eic 
2x 2z 3 
There isno fractional value for 3h. 
‘An atom has only a limited number of permitted energy levels, and an elect 
bound to remain in one of these energy levels (orbits) and notin between them. 
is analogous to steps ona staircase. Whefe you are ona staircase: is bound to stand} 
any one of the steps and you cannot stand between two adjacent steps. 
2.4.1 Derivation of Radius, Energy, Frequency, Wavelength, # 
Wavenumber: ^ 
Calculation of Radius of Orbit 
~ Consider an eléctron of charge e and 
mass m is revolving around the nucleus 
with velocity Wat a distance r. Nucleus has 
total charge Ze', where Z is the proton 
numberand e' is the charge on proton 
There are two forces acting on electron: 
j) Theattractiveorcentripetal force 
ii) The repulsive or centrifugal force. 
The centrifugal force which takes 


Rope 


electron away from nucleus is: 
e mv 
ae @ 
E 


| MOGALBYEW FUR E D9CTOR; 


nucleusis: 
Ze. 
NE <8 or 
F æ d 
Se ude 
F= Tr (i) 


Where, 47€,is proportionality constant, c, (Epsilon not) is vacuum: permittivity, Its 
value is equal to 8.8545x10 CJ ' 


" 


In order to keep the electron i 


centripetal force. 


mé | ze 
r dar 
2 Zer 
M 

xz, rm 

Ze? 
e Tem Gi) 
According to Behr's atemic model; the angular momentum of an electron is: 
anb x 

mr = > 

ES 
= p 
By taking the saüare, we have: 
à E [2 
RCM M eet Il 
By putting the value of v` from eq, (iv) in eq. (iii), we get 
Ze EN 
Augm a 
Now, we can calculate the value of r, 
Powe o, dem 
TO ax zc 


(Gl) 


its orbit, the centrifugal force must be equal to 
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rx mz PO oer nahin tae v) 
Equation (v) can be written as, 


A n 
me? "Z 

This equation tells us that, the radius, r ofan atom is directly proportion 

the square of number of orbit (n). So higher orbit has larger radius. In the eq (y) 


factor pay is constant. Its value is 0.529” (52.9pm or5.29x10 m). Itis: 
mi 
bya, (Bohr's radius). 


The above relationship shows that, 
i) Theradiusofanatomis difectly proportional to the square of number of omit 


ii) The radius (r) of an‘atom is inversely proportional to the atomic muti 
(number of proton) Z. © 


Calculate the radius of first four orbits of electron of hydrogen atom. 
Solution: ^ 


The equation to calculate the radius of an orbit is 
2 
n 
r= x 


Zz 
The atomic number (Z) of hydrogen atom= 1 
Bohs radius (Value ofa.) = 0.5294" 
By putting the values of nas 1, 2, 3,4 in the equation we get: 


Radius of first orbit of hydrogen atom (r,) = EU 


Radius ofsecond orbit of hydrogen atom (r,)= Č 9 O kospA-. Sun 


Radius ofthird orbit ofhydrogen atom(r,) = or *0529À = 475A 


R-N rr, «i 


i) ae second orbit is four times away from the meleis than that of first 
orbit, 


ii) The third orbit is nine ti 
from the nucleus. 


"alculation ef Energy ef an Electron fin H-atem) 
otal energy ofan electron revolving. ere nucleus is isthe ‘Sum of its kinetic and 
tential energies. 


E = KE+PE (vi) 
KE- Pay (vii) 


Potential energy is the amiount of total work done for bringing the electron 
om infinity to distance x 


imes away and fourth ‘Orbit is sixteen times away 


(viii) 


iii) minus sign shows that the energy is released (or decreased) 
c to attraction between electron and nucleus. 
Es the values of equation vi) and (viii) in equation (vi), we have 


= Gmy aes zo 
JURE ge 3 
Ent anis (ix) 


By putting the value of v from equation (ii) in equation (ix), we have 
(53) 
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Bytaking LCM wehave, 
ea Zaz? 
[2 
| 
> 
Eur Ae o 
Bre, 


By putting the value ofrin equation (x), we have 
Ze 


or 


or 


(xi) 


In the above equation when constants (8, e, m, E, h) are 
constant K, the equation (xi) will become: 


i kx 
n? 


Cx aep" 
EE = 
n? 


The valucofK is2.18x1g'5y. 
== 218x107, c 


, hence the equation can be written = 
(xii) 


eee 
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E, = energy ofthe electron in the nth orbit. 


Z = Atomicnumber ofthe element, 
n 


= Principal quantum number. It shows number of shells. 
In the above equation 
i) The negative sign shows that the el 


lectron is bound to the nucleus in the orbit by 
the electrostatic force of attraction, 


il) As the value of n increases, the value of E should decrease but due to presence 
ofnegative sign in the formula, the actual value of energy will increase. 


(e) 


Calculate the energies of electron of first fou: 
Solution: 


The equation to calculate the energy of electron in a shells: 
E, = - 218x10" y= 
5 


ir shells (orbits) ofhydrogen atom, 


AtomicnumberofHydrogen = Z = 1 


EE n ye 
Energy ofeleetron inthe I"orbit(n= 1) E, =~ 2184107] x T 


= = 218x10" 


2 wavy (D 

Energy of electron in the 2” orbit (n= = -2.18«10"y x mo 
= o - 0054x105; 

ay 

Energy of electronin the 3" orbit(n=3)=E, = — — 2.18x105] x o 


"i 


— 024x105) 


aisy y 0? 
Energyofelectroninthe4" orbit(n=4)= E, = — 2-18x10"*J r3 


= -0.14x10"% 


We can see that energy of the electron increases when number of orbits increases, 
E*ESESE 


peomÓ—À 
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AE is the amount of energy released or absorbed when an electron ji 


from one orbit to another orbit. 


AE -E-E, 


on (iit) 
According Bohs equation, he energy of electron inan orbitis: 


E,--Kx = 
The energy ofelecroninany lower orbit (is: 

E = -Kx E 

The energy ofelectronin any higher orbit (n. i 

iy ek z 

Bypass c jnequation xij) we have: 


AE = (- ka BRE ) 
n 


2 
ag - C Kx E e Kx 4) Cor 
ILLE 


‘The value of constantK = 2.18x 1075] 


‘The equation to calculate the AE is: 
1 


AE = 2.18 x 10 ipi - ES 
"os 

By putting the values we have, 
1 


1 
AE = 218x107 5J[—. — —— 
lop ay! 


= 248x195 [1—. 1 

4 16 
= 218104, 4-71, 
16 

3 
= 218x109 — 

era 

= 2.18510%x0.1875 <2 
= 4.087410] 


Calculation of Frequency 
According to Planck's theory, the energy chafige (AE) is directly proportional to the 
frequency of radiation. 
AE = hy 
Weknow that, 


AE = KZ[- 
nj 


n 


Therefore, 
xS 

SIZ [eel 
I aj 


or 


alg 
nj 
Unitof frequency is cycles per second or Hertz. 
“aleulation of Wave number 
le know from Planck's theory that, 
y 
We also know that, 


(x) 
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hera a 
By putting the value of ¥ in the above equation, we get, 


For hydrogen atom Z-1, therefore, 


1 
F= RIZ- 
m ;l 
Unit of wave number is m * 
The value of R,, is 1:09678 x 10 m". 


Usefulness of Bohr's Atomic Model 

i) Itisusefulto calculate the radius ofan orbit, 

ii) Itisusefultovalculate the energy ofan electron. 

iii) Ithelpedto calculate the AE, frequency and wavenumber. 

iv) It explained the spectra of hydrogen and hydrogen like atoms (ions) 
He", Li* and Be" 

v) Itexplained the stability of atoms and their ionization energy. 

vi) Itshows the orbits in hydrogen atom. 


2.4.2 Spectrum of Hydrogen Atom. 

Hydrogen spectrum is an important example of atomic spectrum. Whe" 
as is filled in discharge tube at very low pressure and then high voltage 

pluish light is emitted from discharge tube. If this light is p33 


(58) 
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spectrometer, several sharp lines of different wavelengths are pi 
called spectral lines. These spectral lines are classified into five groups called 
spectral series. These series were named after their discoverers. 

i) LymanSeries ii) BalmerSeries 

iii) Paschen Series iv) Bracket Series 

v) PfundSeries 

The first four series were discovered before Bohr's atomic model. 
Origin of Hydrogen Spectrum 
We know that, there is one electron in hydrogen atom which is present in first orbit 
at room temperature. This is the lowest energy state or ground state of this electron. 
When hydrogen gas is heated, its electron jumps from lower energy state i.c. n, = 1 
to higher energy state or excited state i.e. n, =2,3, 4, 5, 6, 7 etc. depending upon the 
amount of energy absorbed. Now the electron will become unstable, When it comes. 
back from higher energy levels i.e. n, 72, 3, 4,5,6, 7 etc. to lower energy level i.e. n, 
1, the same amount of energy is released in the form of spectral lines (bright lines). 
The series of spectral lines areas follows: 
Lyman Series 
When an electron jumps from a higher energy leVeln,(ie. 2,3, 4, 5,6 etc.) to lower 
energy level n, (i.e. 1), a series of spectral lines are produced. This series of lines 
appears in the UV region of the spectrum. 
Balmer Series: 


When an electron jumps from a higher energy level n,(i.c. 3, 4, 5, 6 etc.) to a lower 

energy level n; (ie. 2), a series of spectral lines are produced. This series appears in 

the visible region. 

Paschen Series: ^ ^ 

When an electron jumips from a higher energy level n, (i.e. 4, 5 6, etc.) to a lower 

energy level nj (i: 3). series of spectral lines are produced. This series appears in 

the infra-red region. 

Bracket Series: 

When an electron jumps from a higher energy level n; (ic. 5, 6, etc.) to a lower 

energy level n, (ie. 4), a series of spectral lines are produced. This series appears in 

infra-red region. 

Pfund Series: 

When an electron jumps from a higher energy level n, (i.e. 6, 7, etc.) to a lower 
(59) 
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energy level n, (je. 5), a series of spectral fines are produced, calteg 
This series appears in infra-red region. Contingum Pii 


aasi IE 
li [pe 


itt 
"d Rada m 
[o 


Paschen series 
IR region) 


Falmer ation 
(Visible region) 


(UV region) 


| 
‘oman eres Figure 2.4, The different spectral seres produced yt | 
Xceed rock 


k 
f 
L 


24.3. Defects of Bohr's Atomic Model | 
it failed to explain: Model l 
i) The spectrum ofmore complicated (multi electron) atoms. | 
ii) The objections raised on Rutherford'satomic model, af 
iji) Zeeman Effect (splitting of spectral lines into still thinner and clos 


(60) udi 
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in the presence of magnetic field) and Stark effec 
Beier f id urs iting of ct is 
jx) Motion of electrons in three dimensional spaces. It explains motion of electrons 
in circular orbits. 
Reason of Zeeman and Stark Effects 
When a strong electric and magnetic field is applied, the spectral line of sodium 
atom splits up into further thinner closely spaced lines. The number of closely 
spaced lines is corresponding to the number of values of magnetic quantum number, 
Hence each line represents an orbital. 


Firework Displays: x 
Firework is a device containing explosives and combustible that generate 
coloured lights, smoke and noise and are used for display and: There is a 
 lotof chemistry involved in fireworks. The colours that appear in fireworks are due to 
the presence of different metal compounds. The metal compounds emit characteristic 
Colours when heated. When an element is heated, its &loctron jumps from lower energy. 
‘tate (ground state) to higher energy state (excitéd state), Now the electron will 
‘become unstable, When it comes back from higher energy state to lower energy state, 
geen pene eagle Ae 


to be heated. For lithium compounds (LiCO,) create red 
e anai (NaCI)Gtetevellow colours, barium compounds (BaC1;) 


: X-Rays 
1 Production, Properties and Uses 


uction of X-Rays 
, a German Scientist Wilhelm Conrad Roentgen | 


(80 
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wavelength than visible light. Roentgen was award 


High voltage battery 


X-rays 
Figure 2.15; Prodcuón of X-rays 


Properties of X-Rays 
i) They are electromagnetic füdíations and cannot be deflected by electi 
magnetic fields. Thus, travel in straight lines. 
i) They are invisible t the eyes but can affect the photographic plate. 
i) They have very figh penetrating power through matter. This is because 
rays are used to study the interior of the objects 
iv) They ca-damage genes, chromosomes and other cell components 
passing through living tissues. 
v) They arehighly energetic rays. Therefore, they ionize gases. 
wi) They have high frequency. Their frequency depends upon the 
anode. Due to this reason, different elements produce X-rays of 
wavelengths. ob. 
vii) The frequency of X-rays increases with atomic number of the element 
anode in the X-rays tube. 
viid Frequency of X-rays ranges from 3x10 ^ to 3x10°Hz. 
ix) The wavelength of X-rays range from 0.01 to 10nm. 

En 


pne i 
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(cep in Mind 


+ Electromagnetic radiation is a form of energy that travels through space at a 
constant speed of 3x10'ms’ and can exhibit wavelike or particle-like 


properties. 
* The wavelength of electromagnetic radiation determines the amount of energy’ 
arid cao oft Motos. The shorter the wavelength, the greater the energy of |. 


* i 
The frequency end energy of electromagnetic radiations are inversely proportional 

Uses of X-Rays S 

i) X-rays diffraction techniques are used in the study of crystal structure because 

-ray wave lengths are comparable to the atomic separation<distances in solids 

[about 0. Inm). 

i) X-rays are used as a diagnostic tool in medicine and ása treatment for certain 


forms of cancer. 
li) X-ray images are used for the detection of dental cavities, bone fractures and to 
ifferentiate between hard tissues (bone) and soft tissues (blood and muscles), X- 
ys pass through soft body tissue but are stopped by harder tissue, 
) When high energy X-ray photons are passed through gases, they increase the 
‘of atoms and molecules ‘und electrons are ejected. These free electrons 

y ionize additional neutral species. Through this process, reactive ions and free 
licals are formed, leading to further chemical reactions. 

X-rays are used for quick examination to check the luggage of passengers at 

rts. ^ 
un industry, X-ray images are used to detect flaws (ie. cracks) non- 
ely castings thatare invisible. = 

i) X-ray microscopes are capable of magnifying X-ray absorption images so as 
resolve features on scales as small as about 40nm. > 
ii) The presence of coatings and varnishes, and the compositions of glasses, 
rcelain, and enamels are revealed through X-ray analysis. 
X-rays are used to study chemical reactions on surfaces, the electronic 
ofsemiconductors and magnetic materials, and thé structure and function 
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2.5.2 ‘Types of X-Rays 
When an electron in the cathode rays collides with metal anode (target), it can 
an electron from an inner shell (K-shell) of the atom. The knocked eJ 
have to leave the atom because there is no vacancy in the higher energy ley 
Produces a vacancy (hole) in the inner shell The electron from 
energy levels (i.e. L-shell or M-shell) 
then drops down to fill the vacancy, 
emitting a high energy photon of X- K5 
rays. L-shell to K-shell jump produces 
aK, X-ray. M-shell to K-shell jump 
produces a K X-ray, The energy of the 
K, transitions is higher than that of the x 
K, transitions. Figure 2.16: 
2.6 QuantumNumbersandOrbitals — °° 004 
After the failure of Bohrs atomic model in 1926, an Austrian Physicist EN 
‘Schrodinger, an expert on the theory of vibrations and standing waves, setupaW. 
equation for hydrogen atom. This is called Quantum Mechanical Model ofan 
Schrodinger was awarded noble prize in Physics in 1933 for setti 
equation. The main problem before Schrodinger was where we w 
electron if we were to ogkfür it. According to Schrodinger: 
Although the position of an electron cannot be found 
exactly, the probability of finding the electron at a particular 
position in space can be found. 
The concept of electron density gives the probability 
that an electron will be found in a particular region of an 
atom; The most likely place to find an electron is where the 
density is greatest, An atomic orbital is the wave function of Bc 
an electron in an atom. The wave function and its square, f (Psi) have 
locations about a nucleus. Keep in mind that the electron density is 
nucleus for hydrogen atom, indicating that the electron is most likely 19 
this region. The electron density decreases rapidly as the distance from! 
increases. 
An atomic orbital, therefore, has a characteristic energy, * 
(84) 
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smacersic distribution of electron density (characteristic shape). The 
ilinger equation works nicely for the simple hydrogen. The Schrodinger 
d oncannot be solved exactly fora multielectron atom, 


The numbers which completely describe the behavior (energy, size, shape, 
pysionandorientation or arrangement) of orbitals are called quantum numbers, 

These numbers are derived from the mathematical solution of the 
sdirdinger equation for the hydrogen atom. They are called the principal quantum 
number, the azimuthal quantum number, and the magnetic quantum number. These 
quantum. numbers are used to describe the energy level of the orbital and the three 
dimensional shape of the region in space occupied by a given electron. A; fourth 
quantum number-the spin quantum number refers to a magnetic property of 
dlecttonscalled spin. 


16. Principal Quantum Number r 
Number which determines the distance of electron from the*Gucleus (size) and its 
‘nergy is called principal quantum number. Itis shown by; Its values are non-zero, 
wsitiveintegers up to infinity. 

n71,2,3,4,5,6.7,... 0 a! 

The values of 'n' can also be shown by letters K, L, M, N, O, P and Q 


spectiv 
P^ rue 2.4 Toal Number of ORT and Electrons io a Shell 


Principal number (n) ofthat shell 
* The maximum number of electrons in a shell can be calculated by 2n 


formula 
* Greater the value of greater will be the distance of electron from the 
pọ Micleus and greater will be the size of an atom and vice versa. 
D rthe Value of'n'greater will be the energy of electron and vice versa. 

Ps ease of the Ayáraen atom or single-electron atomic ions ahas He" nd 
Dis quantum nu imber determining the energy. For other atoms, 
E Dai heaz qutm ambe 


(65) 
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| 
rbitals in the given shell can be calculated by taking square of | 
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NGA. Azimuthal Quantum Number 
E QUE WHiBhiteernine toatnpo of an orbital and the energy of an eleergl 
to esser extent than ‘n'is called azimuthal quantum number. t is shown by 

lues are always positive and in small whole numbers. Its values range from 
and3— —upton- Lf J 


1,2,3,4 show the number of shells to which 


The co-efficient of subshells 
subshells belong 
Table 2.5: Total Number of Orbi 


jals and Electrons 3h à subsbell 


‘oforbitals in a sübihell can be determined by the formuli 1 


Total number: 
subshell can be calculated by the fom 


and the total number of clectrong in a 


22). 
Each shell 


shells or sub-levels. The 


1 consists.0f one or more sul 

subshells in a shell is jis! to the value of n. For example in the first shell 

there is only one se ‘which corresponds to 0. There are two subshels 
nd 


dee second shalti = 2) three (= 0, 1, 2) in third shell (n = 3) and so 
pshell is jgnéd an azimuthal quantum number (/). 
es 1 subshells are usually represented by letter rather than by 
ihe order s, p, d, f and g. (Historically, the letters s, p. d, and fon 
[ollowipE e of the words sharp, principal, diffuse and fundamental wii 
[paa meanings in spectroscopy.) After f, successive subshells are 
deno. ically: P. and so on. The values of azimuthal quantum number 
alphal ha of orbitals (s-orbital has spherical shape, p has dumbbell 
about ShP f has complicated shape). 


usage an 
pai Magnetic Quantum Number 
which explains the orientation (arrangement) of the orbital 1? 
2 agnetic or ‘orientation quantum number. It also shows magnet 


(68) 
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Jectrons. It is shown by m. Its values are changing from positive to bien 
n zero. Within a subshell, the value of m depends on the value of the angular 
hem quantum number, l. For a certain value of 1, there are (21 + 1) integral 
values ofm, as follows: 


«etd 0...(-41-1,-4 or 
a= or 
m= 1,0,-1,-2 


Forssubshell, 1=0, then m- 0 et. 

There is only one orbital in the s-subshell. This orbital has same orientation 
alongy,y and z-axis. 

a Forpsubshell, 1 =1, then m~((2x1) +1] or three values of m, namely, +1, 
0. 

It means there arc three different orbitals (px, py and pz) in the p subshell. 
Theoftials have the same shape but different orientations in space; Th addition, all 
orbialsofa given subshell have the same energy. 

For d subshell, 1 =2, then m = [(2 x 2) +1) or five valles of m, namely, 
*1,8,-1,-2. It means there are five different orbitals (dxyedyz, dxz, dx*-y* and d. 
inthed subshell. All of these orbitals have same energy: 


2.64 Spin quantum number 
Andsitonspins around its own axis, much in & similar way as earth spins around 


spiny is while revolving around the sup. Number which shows the direction of 
‘Pin ofan electron around its own axiscís clled spin quantum number. It is also 
‘allio magnetic quantum numbei It is denoted by m, where, the subscript s 
fine Dr spin. It has two values and 1/2. The spins arc also designated ag 
FL The upward arrow andthe value +1/2 show that the electron spins in 
‘eee direction. The downward arrow and the value —1/2 show that the 
“tapin in clockwisStirection. 


Magnetic felt 


electrons 


Figure 2.17: Spinning o 
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Between Shells, Subshells and Orbital 


Shells, Subshells and Orbitals 

A group of subshells with the same value of principal quantum number (n) iska 
sa shell. It is also recognized as orbit or energy level. The shells are designlell 
the letters K, L, M, N, O, P. Gd Q. counting from the nucleus outwards. TB 
principal quantum numbei&(n) arel.2,34,5,6.7, 


Lis calculated by 2" formula, First shell (n= 1)has 2 
(n2) has and thifd shell (n —3) has 18 electrons. 7 
Each principal energy level (shell) is divided into sub-levels. They 
known as subshells. One or more orbitals which have same values of 


i third shell (n = 3) consists of three subshells- 
3d; the fourth shell (n= 4) consists of four subshells, 4s, 4p, 4d and 4f. and 4 
Now it is clear from the above discussion that when a new shell is ad. 
add a new subshell. This is because; each shell toa larger distance from P 
provides more space for new subshells containing more orbitals. The ^ 
number of electrons in asubshell can be calculated by 2(2/ +1). The 
has room for 2 electrons, the p-subshell has room for 6 electrons, th? 


(88) 
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nd the f-subshell has room for 14 electrons and 


for 10 electron: so. 
Lone be shown as s’, p°; d'^, and f* A convenient way to designate adr 
configuration is to write the shell and subshell designation and add a superscript to 
denote the number of electrons occupying that subshell. For example, the electronic 
configuration of the calcium atom is written as follows: 
aCa = 18,28, 2p 3s", 3p", 4s? 

Each subshell has specific number of orbitals. The number of orbitals per 
subshell depends on the type of subshell, but not on the value of n. The number of 
orbitals in a subshell is calculated by the formula 24+ 1. Thus each s-subshell (/= 0) 
contains one orbital; each p-subshell (/= 1) contains three orbital; euh d-subshell. 
(E2) contains five orbital, and 9 mes mc ITN 
soon, The orbitals of the same 
subshell in a shell have same 
energies and are called 
degenerate orbitals. 

If two electrons in an 

stom have the same principal 
quantum number, the same 
angular momentum quantum 
number, and the same 
magnetic quantum number," 
the electrons are said to bem. Figure 2.18: The arrangement of shells, 
"hesame orbital A subshells and orbitals in anatom 

165 Shapes of s; and d-Orbitals 

The shapes of orbitals have no physical existence. These are the regions in space 
Where probability of finding an electron is very high. But these regions have no 
definite boundaries, Let us look the shapes of the most important orbitals that are 
tually occupied in known elements. Their shapes help us visualize how the 
Electron density is distributed around the nucleus. 


Recall that the azimuthal quantum number for s-subshells is 0; hence, it must have 
gnetie quantum number 0. Thus there is only one s orbital in cach shell, All s- 
orbitals have spherical shapes and are shown by circles. The probability of finding 


———— 
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not depend on directi 


N s electron ata given distance from the nucleus does 
depends only on the distance from the nucleus. The electron density is high ng 
{nucleus forans orbital Tt decreases sharply as distance from the nucleus ing 
itnever goes to zero, even ata large distance. If you ask someone where the ¢ 

{ is, heor she could not show the exact position of electron. This means thatan 

I does not have a definite boundary and definite shape. However, we usually 
line around the outer edge enclosing the volume where an electron spends 
(Say, 95%) of its time. The space where the probability of finding the elegi 
maximum is called an orbital, The 1s orbital represented in this manner is 
sphere, All s orbitals (2s, 35, 4s, and so forth) are spherical in shape but diffe 
The size and energy of s-orbital increases with increase in ilie value of pri 
quantum number (n), For example the size and energy of 28 orbital is largerthal 
orbital, The probability of finding electron between tivo orbitals is zero. Thispl 
is called nodal plane or nodal surface. | 


Y | 
e a 
-orbital 2s-orbital 3s-orbital 


fibre 2.19: Representation of the three s-orbials of the lowest enert 


Shapes of p-orbitals 
As we know that the p-orbitals start with the principal quantum nun 
Beginning with the n-2 shell, the value of azimuthal quantum nun 
subshell is 1; therefore, the possible values of magnetic quantum P^ 
subshell are +1, 0and -1. The three values of magnetic quantum num 
the p-orbitals have three orientations in space i.e. along x, y and z-axis- B 
have three 2p orbitals: 2p,,2p, and 2p,, which are oriented in space à! 
one another along the three coordinate axes x, y, and z. These three Pt f 
identical in size, shape, and energy; they differ from one: anotheronly i? 

(0) 


Se 
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-" 1 E 
Figure 2:20: Representation of three p-orbitals 

Shapes of d-orbitals. 
As you know that the d orbitals start with the principal quantum Went When 
n= Sand, /=2,thenm=+2, 1,0, -1, -2, As there are five values ofm ford-subshell, 
Thed-orbitals are, therefore, of five types (dyy, dyz, dv d "and dz]: Each d-orbital 
as clover leaf shape except di? which has dumb-bell shape. Tlie orbital d has two 
g shaped lobes and an extra doughnut shitpe (ring shape) 
nthe center, while other four orbitals have four egg shaped lobes, The probability 
f electron density is zero on the plane where the lobes touch cach other, The d- 
vbitals of the same shell (3d orbitals) in an atonyhave nergy. The d-orbitals 
4” and higher shells have shapes similar 16,34 orbital, but differ in energy and. 


ize. They are shown as: £ 
Y 


H X. e^. 
E" oe 


de aba sear 

Figure 2.21; Representation of five d-orbitals 
The fourth shell (n = 4) contains four subshells specified by s, p, d and f 
or è Seven equivalent f-orbit horbital has eight lobes. The shapes of the 
tbitals ate even more complicated than those of the d-orbitals. Most of the 


M 
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elements (atomic numbers less than 57) don’t use f-orbitals in bond format 
donotrepresent their shapes in this book. 


2.7 Electronic Configuration 

The distribution of electrons in various subshells in the increasing energy 
get the most stable arrangement of electrons in the subshells is called 
configuration. For many electron atoms, we must know how the ck 
distributed among the orbitals of various subshells. If we know a set ofthreen 
then we will be able to predict for each element which orbitals are occupi 
electrons. The rules for distribution of electrons are as follows: | 


2.7.1 Aufbau Principle 

The aufbau principle helps 
us to assign the electronic 
configuration to the atoms of 
different elements. Aufbau is a 
German word that means "building 
up". Because of this it is also 
known as Building up Principle. 
This principle states that, “The 
electrons are added to subske}ts in 
the order of increasingienergy 
lev 


In other words the electrons 
are fist placéd in low energy 
subshells; When low energy 
subshells are filled, then they are 
placéd in to higher energy 4 
Tubshells. The order of increasing Füue222 The order ofen y 
energy level of subshellsis: TA ag leens ito si 

15,25, 2p. 3s, 3p, 4s, 3d, 4p, 58, 4d, 5p, 6s, Af, 5d, 6p, 75, 5f 0% ™ 


1l 


on. à 
Then +! rule helps to determine the energy order. Accordi? er 
the electron will first enter into that subshell which has lower valu? of 


values for two or more subshells are same, then electron will enteri?f 


which has lower value ofn. 
qm 
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1+ Z values for some subsliell 


Pauli Exclusion Principle 
scientist Wolfgang Pauli gave the 


‘According to this principle, no bvo 
dtr atom can have the same 
yes of four quantum numbers, It means an orbital can 
Jay atthe most two electrons which have the same value of 
free quantum numbers n, / and m, but must have the 
diferent values of spin quantum number i.e, opposite spins 
(M). For example, Helium atom has two electrons) 
in orbital, The spin of the: 
parallel spin (14. or JL) of electrons is no! 
munbers for both electrons of helium are given inthe table, 
Table 2.8: Values of four Quantum Numbers, Tof two Electrons 


sion princip! 
ns in the same orbital of an 


(1900-1958) 


electrons should be in opposite direction (1). The 
t possible» The values of four quantum 


of same. 


For first electron - 
For second electron 


ES A 


e Hund's Rule 
p Ho the German physicist Friedrich Hund found a rule 
poc determination of the lowest energy arrangement of 
‘feoasinasubil, Hund's rule states that, “When two or 
‘alte ene ‘orbitals (same energy orbitals) ure 
pow Mg the electrotis should be placed in separate 
faith same spin rather than £0 put them in same 
With opposite spin” 

ted fan Snow p-subshe_l has three, d-subshell has five 
bein pel has seven orbitals. The pairing of electrons 
Odana S orbitas only when the fourth electron enters into p-orbitals, In case 
s bitals the pairing of electrons be with the entry of sixth and eighth 
Tespecively, Hund's rule results from the fact that electrons repel one 


(73) 
— 


Friedrich Hund. 
(1896-1997) 
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ler and therefore remain as far apart as. possible. They can be lower 
they are in different orbitals. The electronic configuration in the orbitals 
Slementis given in table 2.9. 


Applications of Rules 

1) These rules are used to write electronic configuration of elements, 
ii) These rules are used to. predict valency 

iii) These rules show numberand. type of half-filled orbitals, 

iv) These rules show orbitals involved in bond formation 


2.7.4 Writing the Electronic Configuration of Elements 
Before we assign the electronic 5 
configurations to atoms of the 
different elements, we have to know 
the methods of representing these 
configurations. There are two different 
ways (methods) for writing the 
electronic configuration ofan atom. 

i) In this method, we write thé Tas two elockonb i 
symbol for the occupied subshe]l and this saubshell belongs to fi 
add a superscript to indicate” the Figure 2:23: Method of writing the c 
number of electrons in thitsubshell soos 

and then we write the Ripa quantum number before the particular 
‘The electronic configuration of Helium atom is shown in figure 2.23. Theek 


configuration oponen atom can be written as 1s 29257. 


d) m this Method, cach orbital of the sub-shell is represented by a bo 
electron s shown by an arrow (1). The arrow points up when electron. 
anticlockwise and down when electron spins clockwise. If an orbital contains 
one electron, an arrow pointing upward (1) is placed in the box. Ifan orbital c 
two electrons, the second arrow pointing downward (1) is placed inthe 
two electrons in orbital which have opposite spins are said to be paired. 
electron in an orbital which has no partner of opposite spin is said to beu 

iron. The priority is given to this method over the first because it repre 
be cur quantum numbers. 


qu 
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Configurations and Orbital Diagrams for First 18 Elements 


Shoots ap ie 28 ay: aj 3p 
p Ns lira sa N Í 
e e |e 2e ab tapasan [ED [EJ RUIN E T 

d | i reaps OONA 
Ductus tear ees [EO EJ EXEUEU fir mu 


Instead of writing out the whole electronic configuration of an element, we 
write the condensed electronic configuration by writing the electronic 
[i] 


pee 
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configuration of the previous noble gas. The electronic configuration af 
brackets. For example; the 


“as is represented by its chemical symbol 
| configuration of silicon is wri 
Where, [Ne] denotes the “neon core 


configuration of calcium as [Ar]4s 
Table 2. 


The electron configuration of chromium (Z 
45°3 

is [Ar] 4s 3d" rather than [Ar] 4s 3d*. This is because the hall 
completely filled 3d") subshells are more stable than partially ile 


pu————H3Ó 
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the electron, the proton, and the neutron Y 
» The number of protons in the nucleus of an atom of an element is called | 
atomic number (Z). Atomic number is the identity ofan atom of an element. 
All atoms of a given element have the same atomic number, which differs 
from the atomic numbers of other elements. The number of electrons is 
always equal to the number of protons in an atom 
> The mass number (A) is the sum of the number of protons and the number of 
neutrons in the nucleus of an atom, Isotopes are atoms of the same element 
that have the same number of protons but different mass numbers because 
they have different numbers of neutrons. An isotope is identified by the | 
symbol of the element, with the mass number as a superscript tojthe left. 
Isotopes have chemical behavior identical to that of any other isàtope of the 
same element. ^S 
> Max Planck, in 1900, gave quantum theory of radiations 
> Neil Bohr, in 1913, successfully explained spectruni-of hydrogen and 
hydrogen like atoms, He proposed that the electro: revolves around the 
nucleus in the circular path with a definite amount of energy. He called these 
paths orbits or shells. P 
> Spectrum is the bands of different colours which are produced by passing 
light through prism. Rainbow is the best example of spectrum. 
> X-rays are produced when fast moving electrons collide with heavy metals 
anode in the discharge tube, Thegé rays were discovered by a German 
scientist W.C. Roentgen in |895. 
> After the failure of Bohr's Cd model, Erwin Schrodinger, in 1926, 
proposed an equation called'Schrüdinger equation to describe the electron 
distributions in space and thellowed energy levels in atoms, 
> In a hydrogen atom afd hydrogen like atoms, which contains only one 
electron, the energy of n orbital depends only on zr. Ina multi-electron atom, 
the energy of an orbital depends on both n and /. The lower the value of (n*) 
for an orbital, the lower is its energy. If two orbitals have the same (n+) 
values, the orbital with lower value of n has the lower energy. In addition; the 
spin quantum number determines the electron spin as either clock wise or 
ti-clock wise, 
eccrine 1o Aufbau principle, appen to energy subshells in 
Jer of increasing energy level. j A. 
Ed Bem thatno two electrons in the same orbital ofan 
- atom can have the same values of four quantum numbers. 
-Hund's rule states that the pairing of electrons in the degenerate orbitals 
(same energy orbitals) does not take place until each degenerate orbital has 
. gotoneelectron each. 
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ions and Problems 


Q.1. Four answers are given foreach question. ct the correct one, 

i) The fundamental particles ofan atom are: l 
(a) Electron, positron, neutron (b) Electron, proton, neutron 
(c) Electron, neutrino,proton (d) Electron, positron, meson 
ii) Proton was discovered by 

(a) Gold Stein (b) Chadwick 

(c) Thomson (d) W. Crooks 

iii) The colour ofthe glow inside the discharge tube depends upon: 
(a) Nature of discharge tube (b) Nature of the eds 


(c) Nature of cathode (d) Nature ofanode 

iv) Themass ofclectronis almost equal to: 

(a) Hydrogen atom (b) Proton 

(c) Neutron (d) Positron 

v) How many times the second efbit of hydrogen atom is away from 
nucleus: 

(a) Four ( (b) Six 

(c) Nine (d) Sixteen 

vi) Whichoneofthefollowing elements is NOT radioactive: 

(a) Uranium 4 (b) Polonium 


(c) Radium, (d) Germanium 
vii) The properties of elements are determines by: 


(a) Atomic mass (b) Massnumber 
(c) <Atémic number. (d) Allofthese 
jii) When 6s orbital is complete, the entering electron goes into: 

SS 7s (b) 6p 

(c) 5d (d) 4f 

jx) Ifnisequalto4, then/is equal to: 

(a) 0 (b) 0,1 

(c) 0,12 (d) 01,23 

x) Howmany electrons an orbital can accommodate: . 

(@ 14 (b) 10 

(9$ 2 

(78) 
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. Fillinthe blanks with suitable words given in the brackets: JO. 
i) Cathode rays produce on striking. with: heavy) metals 
anode. (canal rays/X-rays) 

Massofproton inamu is + (1.00727/1.00867) 

dii) Pfund series of lines appear in 
(UVAR) 

_ iv) Mathematical value for Bohr's radius constant (a,) is . (5.29 

 A°10.529A°) 

v) Cathode rays bent toward 

iÈ plate/negative plate) 


region of spectrum. 


of electric fielde- (positive 


When electron jumps from low öd higher orbit 
v 

Vii) Greater the value of principle quantum a will be the 
size ofan atom. (lesser/preater) 

Vii) Thesubshellphas — shape. (spl Dmm 

(dx) The wavelength of X-rays is: than microwaves. 
“(greater/lesser) 
OX) EO 


Label the following statemenysás/Truc or False: 
i) Neutrino is the funi ll particle ofan atom. 
jot pass through pases in the discharge tube at 


iss ofi ieitioninkgis 11x10 2 
edes ratio of canal rays depends upon the nature of gas 
Nd 


equation is E - me^. 
configuration of H is Is". 
-4, then fis equal to 0, 1, 2. - 
gives the idea of plane motion ofelectrons. 
rofcomputerisanode rays tube, 
space where probability of finding the electron between two 
zero is called nodal plane. 
discharge tube? Describe the experiment which led to the 


(small/large). 


\teristie properties of eathode rays m 
(9) 
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Q.e. 


Q7. 
Q5 
Q3, 


Q.10. 
Qui 
Q2 


Q13 
Q.14 


Q.15. 


HÉ neutrons? Also calculate its mass number. 


QTO 


Q7. 
Q.18. 


Q.19. 


Answ questions given below 


i) The craysare produced when pressure inside the dig 
isreduced and high voltage is applied. 

ii) The charge-to-mass ratio of cathode rays remains same, yp 
which gas is used in the discharge tube. i 
iii) Thechargeto-mass atio of cathode rays is equal to that 
i) The evidence that cathode rays consist of negatively ok 
particles. 1 
¥) Electronsarethe elementary particles ofall the matter, 
Whatare canal rays? Give reason for the production rays 
Whatare the properties of canal rays? 3 
Explain the following with reasons: « 
i The positiverays are also called canal ráys, 

fi)  Thecanal rays depend upon the nature of gas. 

iii) Thee/m values of canal rays fardifferent gases are different, 
iv) The e/m value of cathode ráyy is. 1836 times greater than posit 


thatare obtained from hydrogen gas. 
How were neutrons diseaygied? Describe the propertiesof neutrons d 


Slow neutronsare more effective than fast neutrons, how? 


Explain J, J. Thofison experiment for determining the e/m fill 
electron. — E 


» 
Compare; Properties of fündamentat partíclesofatom. 
Which evo types of subatomic particles must be present in ea 
Torgffárom to be neutral? 


(hat is the atomic number of an atom that has 17 protons, 178 


Anatom with mass number of 36 contains four more neutrons th 
What is the atomic number and name of this atom? 
Discuss Rutherford’s experiment for the discovery ofnucleus: 


Write main points of Rutherford’s atomic model. What are the = 
this model. 


What are the most important points of Planck's quantum theo 
whata quantum is? 


b) Wavelength and wavenumber 
31. Definethe terms given below: 
(a) Frequency (b) Wavelength 
(c); Wavenumber (d) Atomic number 
(e) Amplitude 
Q2. What are the postulates of Bohr's atomic model? What are the merits and 
demerits of this concept? S 
(23. Derive an expression for the radius of nth orbit of hydrogen ataf with the 
Yelpor Bohr's model. SS 
Q24. Derive an expression for calculating the energy of an @iettron in the n" 
órbitof hydrogen atom with the help of Bohr's mode] 4 ^ 
Q25. Derive the formulas for calculating the energy difference (AE), frequency 
ofphoton and wavenumber of photon. 

(026. Answer the following questions: « 

a) The distance between different ofbits goes on increasing when we 
| move from lower tohigher orbits, „O 

b) Energy of electron is inversely proportional to the square of number 
of orbits (n°). & 
©) Theenergy ofhigherrbitsis greater than lower orbits. 
4) ` Theenergy ofelectran atan infinite distance from the nucleus is zero. 
€) Theradius ofgation is smaller than its parent atomic radius, 
1) Velocities dfelecironsin higher orbits are less han those inthe lower 


orbits of hydrogen atom. 
D Why Wie size of helium ion (He") is smaller than hydrogen atom as 


both have same number of electrons in the first shell? 

7. What do you know about Zeeman Effect and Stark Effect? 
What is spectrum? Explain the spectrum of hydrogen atom. 

129, What are X-rays? How are they produced? Describe the properties and 

ha, MESOPX-rays, 

| Explain the role of Mosley’s law in determining the atomic numbers of 


different elements. 


j 


Which subshell in each of the follow ing pairs is hi 
() Aporss Gi) Ssoróp (ii) 6sor4f 
j) Whatisthe meaning of3p*> 

K) How many unpaired electrons 


arc present in oxygen and silicon atoms 
inthe ground state? 


Calculate the energy of on 
490nm. 


froma sodium lamp 
Explain Millikan's 
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Chapter #03 ye 


3.1 Shapes of Molecules 
3.2 Resonam 

3.3 Theories of Covalent Bonding 
3.4 Bonding Character: 7 
3.5. Etfccisof Bonding on Physical and Chemical Properties 


The students will be able to < 
Use VSEPR and VBT theories to descripé the shapes of simple covs 
(Applying) SCENE 3 

© Describe the features of sigma and gilónds. (Understanding) 

© Describe the shapes of simple piplecules using orbital hybridization. (4 

© Determine the shapes ofsom€ molecules from the number of b 
pairs of electrons around iie zentral atom. (Analyzing). 

© Define bond energies apd'éxplain how they can be used to co 
of ditferent chemic: (Analyzing) È: 

€ Predict the moleeülst polarity from the shapes of molecules. (App 

* Describe reel of molecular polarity can be- 
physical and chemical properties of molecules. (Analyzing) 

© Descrike die change in bond lengths of hetero-nuclear mol 
inel Sega vate nk tandis 

v the difference among molecular network al 

iderslanding) P 

Explain what is meant by the term ionic character of a 

(Understanding) : F 


Introduction ; 
Why do two oxygen atoms combin © an O, molecule while tW 
ay apart from each other and do not g z 
combine while certain others do not? Certainly there must be some fd 
Walde two oxygen atoms together. of attraction which P 


EB 


jo neat 
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pens (oom op iong) together in different chemical compounds are called. 
Joris’ (PD Sat 7 o Breese LU : 

Jr is the natural tendency of an Clement to be stabilized. If there are two or 

aghi electrons in the outermost shell of an atom then this is called 

ile elements do not form chemical bonds 

ements and have a little tendency to 


a stable one. 
Noble gases arc the most stable 
rm chemical bonds. The elements with 
incomplete outermost shells are tried to gain, lose or share their electrons with other 
[genents to complete their valence (outermost) shells. In this way chemical 
actionsare occurred and chemical bonds are formed. 
emical bonds between atoms are usually classified as either ionic or covalent 
Tonic bonds are formed between oppositely cha 
jons) by the transfer of electrons from one clement to another ethe bonds in 
(CL KBr, and CaO are ionic. They generally result when a metal veacts with anon 


etal tis non-directional. The electronegativity (E.N) differórice should be more 
17. 


^d ions (cations and 


Covalent bonds are formed by the mutual sharing Pelectrons between two 


different or similar atoms. The bonds in N,, H,O, anh, ai 
difference for covalent bond should be 
Hon-metal atoms. They are directional a 

IF you know the type 


covalent, The E:N 

less than L7:Thcy generally occur between 
dare sháwn by signs (-,— =), 

“af bonds in a eórpound, you can predict many of its 


Thysical properties. 
Juli chapter we will discuss the 
Mo theories of chemical bonding: 


theory 


ometties of molecules and we will also explore 
Valence bond theory and molecular orbital 


fair 
made üp of protein, called keratin. Keratin is also present in nails and 


nposed of long 
containing amino 
Yateine. The cysteine of 
"molecule forms a 
{a covalent bond 


ofdisulphide Sethe cess Woy Hair 
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bonds. the straighter 


he fewer the number of disulphide 
ds between cysteine molecules 


A disulphide bonds imbal 
ny in other areas. Peaplewi 


enm the curlier the hair. 
ice upen the number of disulphide bon: 

ether your hair is curly, wavy or straight 
Causes the hair te appear straight in certain areas unde 
Straight hair can change their hair to force it into curly S! 
fare chemically forcing the making of strong disulphide ponds, The waves do not stay 
EU A he new ht grows in, Which is straight, and Only (Ré GARE 


ate by using chemicals, 


3.1 Shapes of Molecules 
Why do molecules possess definit 
the shape of water angular? The answers of these 
found in the VSEPR theory. Chemists are interested in the ‘Shapes of molecules, Th 
bond angle and molecular shape are very importad concepts in chemistry, Th 
physicaland chemical properties of substances agás melting point, boiling poi 
bond energy and density etc. are strongly. {fluenced by the geometry (M 
arrangement ol'atoms in space), The ies can be best explained wi 
the help of "ball-and-stick" models T sii 
represents the bond pair. 


ce Shell Electron Pair Repulsion ( 
(vel pointed out that the 


the shape ofGO, linear? Whyi 
and many-inore questions ean 


ie shapes? Wh: 


shapesofmolecul 
fhe ball represents the atom and the 


EPR) Theory 


3.1.1 Valen: 
In 1940, the Sidgwick and Pos 
shapes of molecules can be explained by, the 
arrangement of. electron pairs in the valence shell 

it) of central atom. The atom in the 


jcliris not present at the terminal in the 


The shared pair of ces 
called bond pair WM 


center whi I 
iyatomie molecule is called central atom. unshared pair of ele 
ES tn 1957. Gillespie and Nylholm proposed ule er a 
eser that the electrons 

VSEPR (pronounced 38 Yan ) theory. explains [involved in making a 
papes and bond angles of molecules and ions jm fenlled ore 
? = "f the electrostatic repulsion ewe electron. oa UN 
terras Ae repilsion between the nogative charges of |lemepais 
Ba 1 Tee around the central atom determines the 
elei a Reine molecule bui we name the shape of 
g the position o f'the atoms. 

jecules DY 
me (88) 
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tures (Postu! 


yin Fea E 
Min Fe sr VSEPR theory are as follows 

un pair geometry of molecules depends upon the number of 
j ind lone pairs) present in the outermost shell ofcentral atom. 


ji bond pairs at 
se ubi (shape) of molecules depends upon the number of bond pairs 
) mye outermost shell of central atom. 
fhe leeran pairs în he valence shel repel one another because they are 
ately charged. 
7. Electron pairs aroun 
lionis the minimum. 
lone pai (fp) occupies more sp: 
j| Repulsion between electron pai 
wer. 


id central atom are located at maximum distances where 


e lana bond pair (bp). - 
in valence shell decreases in the following 


p- ip >> in—bp > bp-bp : 
‘The repulsion between electron pairs in the valence shell ai be called Van 

er Waals repulsion or exchange repulsion, ee 

i) A multiple bond (double or triple bond) occupies more space than a single 7 
gal However these behave as a single electron pait bond for the purpose of 
SEPR theory. 

i) Theshape of molecule will be regular, ifa molecule has only bond pairs. 

) The shape of molecule will be irregular, dfa molecule has some lone pairs of 
ectrons. lov 

| The geometry around an atom is 


dessribed by the general formula: 


SAB, E, 


po 


4 4 O Testeni] Af 
4 3 (^ [reme ABE 


n of VSEPR Theory 
The shapes of regularand irregular molecules are discussed below: 


1) Shape of Molecules having one Electron Pair (AB type) 
‘A diatomic molecule has only one bond pair and no bond 


C 
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e of Molecules having two 
n Pairs (AB, type) 


ulcus having two bond pairs and no lone 


jr give linear geometry. Their bond angle 

0". Examples are: BeCl,, CdCI sf 
would eof 180: Examples are: BeCl,, CdCl, Figure 3.2: Linear Geometry 
(0, CS, HaCh- 

MgCl; has two bond pairs and minimize i's 
rpulsion by arranging bond pairs at an angle of 
|40"and thus assume linear geometry 
3) Shape of Molecules having Three 


Electron Pairs 
Such molecules are further divided into two eo 


"uw @ 


igure 3.3: Planar Triangular Shape 


i) Molecules having three bond pairs and no 
lone pair (AB, type) give planar triangular 
geometry. Their bond angles are of 120° 

Examples are: BCI,, AICI,, SO; mp 
of group TILA. 

The molecular shape of BF, is qur 
Plinar because the triangle of boron atom and 
he Maorine atoms all lie in the sie plane. 

- Molecules having two bond pairs and one 

dd (ABLE type) gi jorted triangular 

les are less than 120°, exe 
I PbCI,, SO. 

MES 1 pair occupies Figure 3.4; Distorted Triangular Shape 
2i ee te hence it pushes the 
pair closer to each other and cause 
‘pression of angle between two bond pairs. 


prem 


BY FUT! 
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uch molecules are further divided int 
types: 

i) Molecules having four bond 
no lone pai(AB, type) giv 
geometry with an angle of 109. 
are: SiH, CCI, CH, 


"The methane molecule has four bond a0 
pairs which are directed from the center Q 
or 


Examples 


towards the corners of a regular tetrahedron, 
These four bond pairs should be placed b b 
109.5" apart to give them a tetrahedral 
geometry. At an angle of 109.5" the distance 
between bond pairs is the maximum and 
repulsion is minimum, 2 
ii) Molecules in which central atom has tree bond pairs and one Jone pair: 
type) give trigonal pyramidal shapes jastead of tetrahedral shapes. TI 
angles are less than 109.5". Example¢ afe: NH, and NF, 

In ammonia, the lone paif occupies more space than bond pairs, 
three N-H bond pairs are pusik Closer and the bond angle decreases from] 


107°. 


T jeune 3.5: Tetrahedral Shipe d 


In NE, fluosine is the most electronegative element. So NF 
more polar than XMH. Therefore, lone pair exerts more repulsion 0n 
pairs in NF, Heec, bondangle further reduces to 102^. 

A 


Figure 3.6: Pyramidal Shape 
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| 
| 


ter examples are: PCI 


gi, Sh 
; ne Mok 
gs ave 1 


(ABE, type) give 
ne Qu © 


|risisape.Their bond angles are 
|pisiteadof 109.5". Examples are Figure 3.7: Angular Shape 
i) 5,8CI, SeCL. 
In water molecule, the two lone pairs occupy more space than t)bond. 
his Aslone pair lone pair repulsion is greater than lone pair- bond pai? which in 
js rater than bond pair — bond pair. Hence, this forces the bof pairs closer 
Vetter and reduces the bond angles to 104.5". Therefore, 4fé shape of water 
dle sbentorangular or V-shaped. 


cules in which central 


vo bond pairs and two 


onceptual Check Point 


j is angular, although both of the 


hi Shape of Molecules: Electron Pairs (AB, type) 
leules having five bond pais and no lone pair give triangular bipyramidal 
Phety. The equatorial bgrid angles are 120" and axial bonds are at right angles 


Motheplane, Examglesare: PFs, PCL,, SbCl, SeCl,. 
e 


Figure 3 8: Triangular 
bi-pyrumidal Geometry 


(3 


pu 


a a 


MID gi UT U 


6) Shape of Molecules having Six Electron Pairs (AB, Typo) 
Molecules having six bond pairs give octahedral geometry with bond angle 
90" Examples are: SF, TeF, 


29 


Figure 3.9: Octahedral Geometry 


Limitations of VSEPR Theory 

This theory was failed to explain: 

i) ‘The sharing of electrons in the valence shell 
ii) The paramagnetic nature of O, molecule. 
iii) The shapes of molecules having delocalized z--electrons. 
3.2 Resonance à VA 

The process in which two or morc structures are written for a compound 
differs only in the arrangement of electrons is called resonance. The difi 
structures obtained are called resonance structures. Resonance structured 
actual structures. They afe hypothetical and exist only on paper. They are, t 
cannot be prepared ahssolated in the laboratory. The real or actual strict 
hybrid of all the exónance structures. The resonance is represented by 388 
headed arrow fe——»).There are some molecules and polyatomic ions ff 
no single kwis structure canbe writen, Let us take the example of oxyeet ™ 


in twocallótropic forms, the dioxygen, O, (oxygen molecule) and the triot 


(ozóne). Ozone is present in larger amounts in the upper atmosphere ^ 
shields life on earth from harmful UV radiation from the sun. It is al0 P 


trace amounts in the lower atmosphere where it may damages plants 
tissues. There are two possible Lewis structures “A” and “B” for Ozone W 


| IN 


o 
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he O — O single bond in ©; should be longer than the O-O double b 

se the double bonds should be shorter than single bonds. But experi i 
denceshows thatthe oxygen-to-oxygen bonds are equal in length (128 pm), This 
att is shorter than the O ~ O single bond length of 148 pm in hydrogen 
proxee, H- O — O - H, but it is longer than the double bond length of 121 pm in 
Premie oxygen, O = O. Hence neither of the above structures can be correct, The 
fin identity cannot be satisfactorily represented by any single structure and it 
becomes necessary lo write more than one Lewis structures, To describe such 
Nations concept called resonance is used. The bonds in ozone are equivalent and 
iuemediare in strength and length between a double bond and a single bond. The 
resonance structures of ozone are: 


c TAS 


o ©, 
Figure 3.11: Resonance Structures of Ozone. 


me number of electrons (18 electrons) 


They both are identical. They have s 
ind both have octets around all three oxygensitoms, Which resonanci 
Omect? Neither structure accurately represents the structure of ozone, The actual 
inire is the average (hybrid) of jhésé two Lewis structures, They both h 
ul contributions to the real strudibré (hybrid structure) of ozone (structuri 
ten above), A common analogymight help to clarify this concept. A horse and a 
okey may be crossbred to produce a hybrid, the mule. The mule doesnt look or 
khave exactly ike eitherpurent, yet it has attributes ofboth, The resonance hybrid 
fa molecule has propenties of each resonance form but is not identical to any one. 


im. 
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$ corles of Covalent Bonding 
VSEPR theory explains the shapes of simple molecules but it does not exp 
formation of chemical bond. There are two important quantum mechanical 
Which explain the concept of bond formation, bond enthalpies, bond leng 
shapes of molecules. These are valence bond theory (VBT) and moleculara 
theory (MOT). Neither theory completely explains all aspects of chemical hog 
They both help us to understand the observed properties of molecules, 


d Hybridization 


3.3.1 Valence Bond Theory a 
Valence Bond Theory (VBT) 
This theory was first proposed by W. Heitler and Fritz Londorrih 1927 and; 
developed by Linus Pauling and J.C. Slater in 1931$ This theory exp 
bond formation (sharing of electrons), bond strength, andd'eometry of molecul 
Main Points 

i) Covalent bonds are formed by over 
filled atomic orbitals. 

ii)  Asingle covalent bond is formed by tlie overlap of two. 
half-filled atomic orbitals. 

iii) A multiple bond (double of ple covalent bond) is 
formed by the overlap of mopeihan two half-filled atomic 
orbitals. Overlapping meary-à common region of two 
orbitals with high electrortdensity. 

iv) Asa result of overlapping, the electrons with opposite 
spins paired up and become stable by releasing energy. 
v) ' When they form a bond, the atomic orbitals maintain their identities, o 
outermost shell electrons lose their identities, l 
vi) Greater the overlapping, the stronger is the bond. 
vii) be direction of bond is determined by the dir 
orbitals when other than s-orbital are involved, 


‘Types of Overlapping and Nature of Covalent Bonds: 


On the basis of overlapping of orbitals, covalent bonds can be divided into 

i.e. Sigma bond and pi-bond 

i)  Sigmabond(c-bond) 

A covalent bond formed by head to head or linear overlap of two atomic of 

which electron density is the maximum around the boi axis) is called if 
[7] 


lapping of half- 


ion of the hyo ove 


re "N 
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(sigma isthe English word for the Greek tetter, which corresponds to the English 


leer). Overlapping ofs—s and s — p ort 
na bonds. It may also be formed by overlapping of atomic-hybrid and 
All single covalent bonds. 


itals always form. a~ bonds but p- p may 


form sig 
hybrid-hybrid orbitals 
‘Types of Overlapping 

s-s Overlapping (Formation of H;) 

This type of overlapping takes place between half-filled s-orbi 
ample, consider the formation of H, molecule from two 
lled 


sigma bonds. 


of two atoms 


along the bond axis. For 
hydrogen atoms. Each atom has the electronic configuration 1s'.The half- 
atomic orbitals (1s!) of both H-atoms overlap to form a sigma bond, The electron 
density is maximum between the two nuclei, 


9.9— P 


H*H——» H, 
Figure 3,12: ves overluppithe 


p-p Overlapping (Formation of F;) 

This type of overlap takes place between-half-filled p-orbitals of the two atoms 
when they approach each other. The formátión of fluorine, chlorine and bromine are 
the common examples of this type oFóverlapping. Consider the bonding between 
two fluorine atoms, The electroniécontiguration of each fluorine atom is 19°, 
2p,4,2p,s 2p. The F -F sigma bond is formed by overlap ot half-filled p-p orbitals 
oftwo fluorine atom 3 on density is maximum between two nuclei: 


V HET EE 

S Figure 3.13: p-p overlapping 

S-p Overlapping (Formation of HF) 

This type of overlap takes place between half-filled s-orbital of one atom and half- 
filled p-orbital of another atom. 


176 ma — o D 


H+ E——À HF 
Figure 3.14: sep overlapping 


(95) 
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‘Consider the bond ee inom and a qusc 
configuration of fluorine atom is Is. MEER 
SES Qno ras atm overlap sh eia a a Ai 
formac-bond. The other filled 2sand 2p. orbinisofMuerse iso e 
bonding to the hydrogen. 1 


Conceptual Check Poi 
How can you explain the bonding in Cls 


Bond (x-bond) 
redes by sidewise or parallel overlap of two Posi 
Examples are: O7O, N=N, CH.-C ANS 
This bond is named after the Greek letter a. The Overlap oft 
in pi bonds is not as good as in sigma bonds, and they are corresp 
Pi bonds are often found in molecules with double or triple b 
two p-orbitals are in one planc. In 7-bond) Molecular orbital 
region of electron density i.e. above and below the bond axis 
single bonds are sigma bonds, A double bond consists of one pi 
bond, and atriple bond consists of ne sigma bond and topi 
Formation of O; Molecule - 
The electronic confipurátion of each 
oxygen atom is 15, 2s. 2p. 2p... 
Jp. There are So half-filled p- 
orbitals on eagh oxygen atom. Oxygen 
has one siga bond which is formed 
by hea lo head overlap ‘Of 2p, orbitals, 
1t hasjohe -bond which is formed by 
side'to side overlap of 2p, orbitals. 


iguration of each nitrogen atom is 1s, 28^ 28^ 
E half-filled p orbitals in each nitrogen atom, N MO ii 
mebondeg bonds. o-bondis formed by linear overlap af2% 

mare formed by paraletovertap of 2p, and 2p, orbital 


x (38) 
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lagram of N, (N=N), 


Figure 3.16: Orbital d 
Table 3.2: Differenc ‘Sigma and Pi Bonds 
pea Bond PiBond O° 
|] formed by linear overlap | | Ma covalent bond toned by ri etum 
LI m [oi tvo iare ent UE called 
pi 


| rem density around the bond 


| Thus electron density above and below the | 
| bond axis. 


Iiglecovalentbonds are sigma bonds. | 


[Tn a mul bond one is ceil d 
| Sigma. 


formed earlier than pi 


s ig stronger due t0 greater ever E 


e 
Hatin doesnot depend on pikea 


Engin e" 


Keg ma no medie 


Rotation about the double bond is not 
possible. The rotation is restricted because 
Bibondhustworegions ofeletron density. 


«| Example: 4 
IN molecule bas onc sigma and two pi, 
bonds. 


Ese Nt ali beste 


imitatio, 
sof V 
toan ons of VBT 


| Pivalencyof Be, trivalency of B and tetravalency ofC. 
(a) 


= 


AAE 
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The angle between the bonds 


iii) "The paramagnetism ofO molecule 

Atomic Orbital Hybridization i 

n 1931 uling introduced the concept of hybridization to expl 
characteri al shapes of polyatomic mole s like CH, NH, g 
AICI, and H,O etc. He also explained the for of multiple bonds in me 
Such as C.H. *,H,. According to him the atomic orbitals of different 


energy combine to form a new set of equivalent orbitals called hybrid orbit 


the phenomenon is known as hybridization 


Keep in Mind | 


‘The number of hybrid orbitals formed is always equal to. the number of 
orbitals that are combined, eS 
© Thehybridized orbitals are always equivalent in energseand shape, 
e Hybridization is the mixing of at least two nonequivalent atomic o 
— example, s and p orbitals, Therefore, a hybrid orbital is not a pure atomicor 
SP The shape of ey hybrid obi i diferent fin the shapes of the originali 
j The geometries are exactly as predicted y VSEPR theory. 
Hd takes place in nfo usually the central atom) befor 
tion. The concept of hybridization is not applied to isolated atoms, 
œ The hybrid orbitals form stableborids than the pure atomic orbitals. 
‘Types of Hybridization 
"There are three main typés of orbital hybridization i.e. sp’, sp’, sp depending 
thenumberand nature oforbitals, They are as follo 
{i)sp'-Hybridization (i) sp"-Hybridization (iii) sp-Hybridization 


ridization 


sp 
cess of mixing of one s and three p-orbitals to gi identical p 

Ten TIBERIM p-orbitals to give four identical 

ai ich sp’ hybridized orbital has 25% s -character and 75% p-charict 
Examples are methane, waterand ammonia, 
tion of Methane | 


tion of carbon (15^, 28°, 2pu, 2p. 2 xb 
b Ds» 2Dy, 2p,s) shows that the 2s of 
two ofthe en are Wed But how can carbon form four bo 
| ig valence electrons are already paired and only two unpaired d 
| o ple for sharing? To account for the four C-H TS in ethane 
E esis promoted from the lower-energy 2s orbital to the empty, i 


| (G8) 
-— 


Consider the example of methane, In methane the ground state 9 
Ci jalil 


led 
off 


U 

QUSEEF AHMAD) 
uld overlap 
ment shows, 
state carbon 
ur equivalent 
gles 


—— ae 
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4p orbital, giving an excites 
aporbi ginere guration 


jaar unpaired electrons. Now we have four orbitals, each of which 
als, each of which cou 


Wh the Is orbital of hydrogen atom to f 
ot f 

however that the four C-H bonds in fries octet bond. Experin 
en wo kinds of orbitals for bonding, 2s and 2» bn 

s? x a RU san it form fot 
Den] ve 90 IDCM DIU Reo bond an 
"it is unclear, epp ed of the sigma bond formed by overlap with the 25 
Setia oF th pes hybridization comes in. For this reason, the four 
id pet Si x de im on atom combine during the bonding process 10 form 
per. squat hybrid orbitals, n this case, one s-orbital and throe f 
orbitals. E ed EE qu identical sp. (pronounced as “s-p-three”) hybrid 

: al bas one large lobe pointi d 
RE eroutag ts thé opal direct a lobe pointing in one direcijon and one 
Y 


i z 


7 "- 2 
rj 


Combine Vo fos far sp’ hyb 


In methane molecule, these Sak 
four sphybrid orbi 

sp-hybrid orbitals of carbon 
cw with 1s half-filled orbitals of ^ 
four H-atoms to give four identical 


C-H bonds. The four C-H bonds ars 

ue ‘bonds and formed due to s-SP è 

"i Figure 3.18: Methane ana Sikt bade 
lolecule 


(88) 
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is made with sp. hybrid ort are offen strong ones, Tn 
© energy released on forming the four strong C-H bonds in CH, is reat 
Amount than the energy required to produce the excited state of carbon, Metha 
tetrahedral shape with an angle of 109,5". The shape of methane is the sang 
Predicted by VSEPR theory. 
Formation of Ammonia and Water 
The shapes of NH, and H,O molecules can be best explained with the help 
Sp'-hybridization. In ammonia, the ground state electronic configuration 
nitrogen is 1s", 2s*, 2px', 2py', 2pz! having one filled 2s-orbital and three half 
2p- orbitals. Here one 2s and three 2p orbitals of nitrogen alob are combi 
together and give four sp’ hybrid orbitals. One hybrid orbital is completely 
while other three are partially filled. These three partially filled sp’ hybrid. 
Of nitrogen overlap with 1s orbitals of three hydragén atoms to form three 
Sigma bonds. The fourth sp" hybrid orbital that was already filled contains long 
of electrons and does not overlap with s-orbital of hydrogen atom. Recall that 
repulsion between bond pair-lone pair electfons is greater than bond pair-bondpit 
electrons. Thus, repulsion between:the lone-pair electrons and electrons in 
bonding orbitals decreases the HNH bond angles from 109.5" to 107 andl 
molecule of NH,thus gets the trigonal pyramidal shape, 
Similarly the oxygen tiom in water has four sp hybrid orbitals which 
formed by the overlapping of one 2s and three 2p orbitals. Two hybrid orbit 
completely filled and two are half-filled. These two half-filled sp? hybrid oil 


overlap with Is órbitals of two hydrogen atoms and form two O-H sigma b 
The actual angle between O-H bonds 


in H,O has been experimentally 
determined to be 104.5". This decrease 
in bond angle from the normal value 
(109.5) is due to repulsion between x 
two lone pairs and two bond pairs of 
electrons. The d ae Ns e 
fore, has angular or V-shape. ‘eure 3.19: Ammonia and Water 
(my 


EN P 


wá] 
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Sog) sp Hybridization 

t 
Theprocess of mixing of one s and two p-orhitals to give three identi "hybrid 

A ybitalsiscalled sp'-hybridization MN C Es 

a Each sp*-hybrid orbital has 33% s-character and 67% p-character. Examples 
areborontri-fluoride and ethene. * 
Formation of Boron Tri-fuoride: 

al In BF, molecule, the ground state electronic configuration of central boron atom is 

q( 15525 2P, 2Byv 207. First we promote one ofthe lower energy 2s electrons taan 


empty higher energy 2p-orbital giving an excited state electronic confi ion Is?, 
25,204, 2py. 2p, in which boron has three unpaired electrons These three orbitals 
(one 2s and two 2p) having unpaired electrons are mixed together fi produce three 
el sy hybrid orbitals of same shape and energy. Note that one ofthe 2p orbitals of 
a4 boron remains un-hybridized and is unoccupied by the lectrons. This un- 
y lybridized orbital will be important when we will discuss tinible bonds in the next 
, amples, 


he 


o 

These. aS sp? hybrid orbitals of 
dos Overlap with p-orbitals of three 
rie toms and form three sigma 
Vitae The BF, molecule is planar 


m d the FBF angles equal to 5 


lang, thometry of BF, is trigonal " 4 . a 


Figure 3.21: BF, moi 


Pe new 


k a) 
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Formationof Ethylene 


Consider the example of ethylene molecule, CH, which has a C=C doublebo 
this case, three sp’ hybrid orbitals are required, because each carbon atom n 
to three other atoms (one carbon and two hydrogen atoms) and there is no lon 
of electrons. As we know, the excited state electronic configuration of carbon il 
2s!, 2p, 2p, 2p; ethylene, one 2s and two 2p orbitals of carbon atom are mig 
together to give three sp? hybrid orbitals of same shape and energy. The rem: 
2p, orbital does not take part in the hybridization. In ethylene, each C-H si 
bond is formed by overlap of sp” hybrid orbitals on carbon with.thel s orbi 
each hydrogen atom. There is one sigma bond between two carbon atoms wid 
formed by the overlap of two sp” hybrid orbitals, one on ‘each carbon atom. 
one m-bond which is formed due to 


overlap of un-hybridized p-orbital of © provi 

one carbon atom with the similar 7 

orbital of the other carbon atom. All atom 

six atoms in C,H, lie in the same plane: "ld 
j 


Ethylene has trigonal planar shape 
with HOH and HEC bond angles of 
approximately 120°. The arbon- 
carbon bond length is/[34 pm and 
carbon-hydrogen bond length is 


108pm. 


Figure 3.22: C, H, molecule 


‘The pros of mixing of one s and one p-orbital to give two identical P 
orbitals is called sp-hybridization. 
Each sp orbital has 5094 s-character and 50% p-character. 
Examples are beryllium chloride and acetylene. 
Formation of Beryllium Chloride 
Phe ground state electronic configuration of Be is ^ 29 2p, 2p Pe 
Th inis ground state Be doesnot form covalent bonds with because 
aoe paired in the 2s orbital. Hence one of the 2s electrons is promoted 6^. 
aie ‘Therefore the excited state electronic configuration of Be? 
02) 


poem 
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Tow here are two Be orbitals available for bonding, the 2s and 2 The 


ye orb e mixed together to give two sp h 
» ind 2p, Bi ip hybrid 
a E new orbitals areidenticat in shape, 


O i 
E ae 
pee A $ 


Figure 3.23: Linear Geometry 


“Theremaining vacant 2p, and 2p, orbitals do not táke part in hybridization. 
{NospAiybrid orbitals of Be overlap with half-filled'p orbitals of two chlorine 
‘ti form two Be-CI sigma bonds, The bond angle between CI-Be-Cl is 


| ilie geometry. c" 


elevtronic configuration of carbon is 
ap ones (2s!)andonep Am 
Arbon get hybridized 
“1D orbitals, One of 
Id orbitals of each 


o is with 1s half- 
lor 
fg nien atom and 


bonds, while the Figure 325: C,H, molecule. 
a ws 
. 
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other sp hybrid orbital of onc carbon atom overlaps with sp hybrid orbita g 
other carbon atom to form C-C sigma bond. The remaining 2p, and 2p, or 
mot take part in hybridization. They form two pi bonds between two carbon, 
through sidewise overlapping. Acetylene has linear shape and bond angle is 
Acetylene (ethyne) molecule has three sigma bonds and two pi bong 
‘case of sigma bond the electron density is maximum around the bond axis 
case of pi bond the electron density is maximum above and below the bond atis 


of Bonds and Shapes of Hybrid Orbitals 


3.3.2 Molecular Orbital Theory (MOT) 
Valence bond theory provides an explanation of bonding in molecules and si 
of the covalent bond in terms of overlápping atomic orbitals. With the lj 
hybridization we can explain molecular geometries predicted by the VSEPRIM 
It also helps to explain bivalenci of beryllium, trivalency of boron and tetra 
of carbon. Valence bond theory, however, fails to explain why O, is param 
and N, is diamagnetic Ifálso fails to explain excited states of molecules bil 
molecules absorb lightsnd give colours. This theory does not give an explana 
the electronic spectra of molecules. It is not successful in determining the! 
of unpaired electrons in odd electron molecules like NO. i 
For this reason, in about 1932, a G; D 
ME epi 
gave the concept of molecular orbital theory. The molecular 
orbital model is more complex than the valence bond model, 
particularly for larger molecules, but magnetic and other 
properties of molecules are some times better explained by 
molecular orbital (MO) theory. Molecular orbital theory 
concentrates on molecule as a whole rather then 
concentrating on individual atoms. A w: 
res the probability of finding 


© function whose 
an electron within a 
(04) 


C—— UE €—— 
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given region of space in an Tom is cafled atomie brbital While a waye function 
Bios square gives the probability of finding 
spice in a molecule is known as molecular orbital, Like atomic orbitals, molecular 
‘Frans have specific energy levels and specific shapes, and they can be occupied 
py a maximum of two electrons with opposite spins. The difference between a 
molecular orbital and an atomic orbital is that an atomic orbital is associated with 
ny one atom while molecular orbitals spread over all the atoms jn the molecule. 
Wemay say that in an atomic orbital the electron is influenced by one nucleus while 
in a molecular orbital it is influenced by two or more nuclei depending upon the 


number ofatoms in the molecule, 


Main Points of MOT 

i) The number of molecular oi 
atomic orbitals, For example, two atomic orbitals overlap afd give 
orbitals. One is bonding molecular orbital and the other fanti-bonding molecular 
orbital. oQ 

i) Theoverlappedatomicorbitals do not maintaintheir identity. 

iii) The molecular orbital which has less. energy than parent atomic orbital is called 


bonding molecular orbital e.g. 6, z-orbitals. 

iv) The molecular orbital which has gréner energy than parent atomic orbitals is 

called anti-bonding molecular orbitals ‘e.g. 0°, -orbitals. The asterisk, which you 

rendas “star,” tells us that the molecular orbital is anti-bonding. 

V) Theelectron density in bonding ‘molecular orbital is the maximum between the 

nuclei of the bonded atoins while in case of ant-bonding molecular orbital the 
thenuclei of the bonded atoms. 


electron density is the Minimum between io 
n densi i aula orbital has greater stability than the corresponding anti- 


ing molecular orbital because bonding molecular orbital is lower in energy. 
its corresponding: anti-bonding mol 
of Molecular Orbitals 

Types of molecular orbitals are formed as atoms approach each other and their 
icorbitals overlap. 

i) Thelowenergy molecular orbitals (bonding molecular orbitals). 

ii) Thehigh energy molecular orbitals (anti-bonding molecular orbitals). 

These two types of molecular orbitals are formed due to s-s and p-p overlap. 
(is) 


n electron within à 


iven region of 


rbitals formed is equal to the number of combining 


e two molecular 


lecular orbital. 


EM ERE 
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Two types of molecular orbitals are formed due to s-s overlap, one is a bondiy 
Molecular orbital ata lower energy than the original atomic orbitals. The other ig 
Anti-bonding molecular orbital ata higher energy than the original atomic orbit 

Consider the formation of H, molecule. Each hydrogen atom has og 
electron in 1s orbital. Hence, two 1s! orbitals of two hydrogen atoms overlap i 
Produce two molecular orbitals designated as c,, and o’, The subscripts i 
indicate that the molecular orbital is formed from two 1s orbitals. The Gy, orbitali 
Called bonding molecular orbital whereas o”, (read "sigma-star-one- 
called anti-bonding molecular orbital. The electron density in a bonding mole 
orbital is located between the nuclei of the bonded atoms because of which ty 
repulsion between the nuclei is very less while in case of an anti-bonding moleculy, 
orbital, most of the electron density is located away fromthe space between te 
nuclei, This means that in this molecular orbital, thé-electrons spend little i 
between the nuclei. Note that the energy of a bonding molecular orbital is less 
that of the separate atomic orbitals, whereas theehergy of an anti-bonding orbit 
higher. The total energy of two molecular orbitals remains the same as that of 
original atomic orbitals. 


{ Figure 3.26: Linear overlap of s-s orbitals 
It is important to note that Is orbital of one atom can combine with 15 ait 


of another atom but not with 2s orbital because of the higher energy of 2s orb! 
compared to 1s orbital. Hence, the overlapping atomic orbitals must have cd 4 
approximately. equal energy. It is possible when atoms are different from eacht! 


ion is more complex when the bonding involves p-orbitals. Two. pe 
ther a sigma bond ora pi bond. There are two different ways in 


* | 


porem 


The situatii 
can formei 
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„orbitals can combine (overlap). 
"m 


jj Linearoverlap ii) Paralleloverlap 

Que set of 2p orbitals (2px atomic orbitals) can overlap along the same axis 
paiso give one bonding and one antibonding -orbital (o, nd ©) These 
sulshavecylindrical symmetry around the molecular axis, 
o 


[they will overlap sidewise to give-bvo bonding and two anti-bonding nt- 
Pbiuls The x molecular orbitals thaf fesult from degenerate 2p, and 2p, atomic 
["!alareidentical and have saméenergy and are said to be degenerate. 


Antbonding molecular orbital (d... 


e. 


Wood leer ora, ) 
Figure 3.28: Parallel overlap of p,-p, orbitals 


The 
hares Of the two p-orbitals is normally greater in S 
*7-molecular orbital. Hence sigma bonds. arestrongeri molecular. 
T 


à han pi bonds 
407) "bonds, 


= 
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‘Orbital Electronic Configuration 


The distribution of electrons among various molecular orbitals is calle 
molecular orbital configuration. The method for determining the elg, 
configuration of a molecule is similar to that of the electronic configurati, 
atoms. To write the molecular orbital electronic configuration, we have to knoyg 
rules given below: 

i) Each molecular orbital can accommodate a maximum of two electrons y 
their spins in opposite direction (Pauli's Exclusion Principle) 

ii) The electrons are added to molecular orbitals in the order of increasing en 
level (Aufbau Principle). We are concerned only with the ground-state elect 
configurations but not with the excited state. 

iii) If two or more same energy molecular orbitals are available then elect 
prefer to occupy each molecular orbital singly beforé pairing begins (Hund'snik) 
iv) The number of electrons in the moleculár Orbitals is equal to the sum ofall 
electrons on the bonding atoms. 

The molecules are said to be djainagnetic if they have paired electrons inl 
molecular orbitals (bonding and ántibonding molecular orbitals) and they ares 
to be paramagnetic if they 4i3ve unpaired electrons in the molecular orbid 
Paramagnetic substances dfe attracted by a magnetic field whereas diamsst 
substances are slightly epelled by a magnetic field, Paramagnetic charac 
directly proportiorial to number of unpaired electrons in the molecular orbit 
increases as number of unpaired electrons increases. 

Relative Energies of Molecular Orbitals 
The relative energies of molecular orbitals are determined by spece 
methods. ‘The energy order for molecular orbitals is of two types: 


i) Energy order for O,, F, and their positive and negative ions is: 
gi 8 us 0 25 < ape < (Rpg = Rage) (a, = Tas) EO ape 
ji) Energy order for Li», Be», B», Cand N, is: 


dy M NC Tap) Og < (T py = i) 0 p 
Energy level diagrams are shown as: py ad 


(108) 
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Fi e 


repr ie ing for O,, F neon aay len ai fo Li Bey CN, amd toie 0 


T3: Erg leve diagrams for first and second pega omo-nulew diatomic molecules 


The overlap of the two 2px atomic orbitals is greater than two 2py or 2pz 
til Because of this the bonding cj, Molecular orbital has lower energy than 
‘aencraten,» and, moleculacorbitals. While in case of Liz, Bey, By C and 
"hiding c? molecular orbital has higher energy than the degenerate Tay, and 
‘Molecular orbitals, This U-tustvis due to the overlap ofa 2s orbital on one of the 
with a 2p orbital on the other. Due to overlapping, the energy difference 
es, where the energy of a, decreases 


fag a Sane molecular orbitals increas e s 
B f, i ` , is raised to such an extent that it 
i sy than My and x, molecular orbitals, 

f 

Liet otbonds formed between twoatoms by the overlap of atomic orbitals is 
tig order, 


er molecules, it can be defined 85: 
Heron halFor the difference between the number of bonding electrons (n,) and 


3hli-bondino electrons (n. isealled bond order 
‘thematically: 


Bond Order = 
(108) 


b 
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Applications of MO Theory 
lolecular orbital theory is helpful to the exact electronic configuration of 
molecules. In this class, we study the ground Jectronic configu 
homonuclear diatomic molecules (molecules having two atoms of the 
elements),The electronic configuration helps us to know the propery] 
molecules. 


Formation of H, Molecule: 
The electronic configuration of hydrogen atom is 1s. Two As! orbitals ij 
hydrogen atoms overlap to produce two molecular orbitals (c, and o", Hg 
molecule has a total of two valence electrons that are present in oy ma 
orbital. The a`}, orbital is empty. The molecular orbital elecironic configura 
H, molecule isa s. The relative energies of two Is atomigorbitals and the mig 
| orbitals formed from them are shown by an 
energy-level diagram (also termed as 
molecular orbital diagram). Such diagrams 
show the interacting atomic orbitals on the 
left and right and the MOs in the middle: The. 
bond order of H, molecule can be calculated 
as 
Bond Order of H= "177657 
Hence one single covalent bond is 
formed in H,. Wa, therefore, say that the H, ipso 330 Mela 
molecule is stableand can exist, 


diagram for Hy 

Formation of He; (Hypothetical) 
"The eleéhronic configuration of helium is 1s? 
moe orbitals of two Helium atoms Sw 
conibine to give one bonding (6) and one 
nti bonding (0°) molecular orbital. A 
hypothetical molecule has four electrons, two ls 
in g, and two in g'i, as shown in the figure 
391. The molecular orbital electronic 
configarationof helium s 0, 2<0", Ow al 

= s e at 
pond order ot Heya i "t22 ao TE Tren 


Energy 


is 


1 


Ene 


-T ~ 
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Zero Value shows that this molecule is unstable and no bond would be 


formed between two helium atoms, Henco, itis mono-atomic molecule. 


formation of N, Molecule 
The electronic configuration of nitrogen atom is 15°, 2s’, 2px', 2py!, 2pz!. When two 


nitrogen atoms approach one another to form N; molecule, only like orbitals on the 
voatoms combine, The 1s orbital of one atom combines with Is orbital ofthe other 
atom and the 2s orbital of one atom combines with 2s orbital of the other atom. The 
js orbital of one atom does not combine with the 2s orbital of the other atom, 
because their energies are quite different. The two 2px orbitals that lie on the same 
plane (internuclear axis) overlap head on and form op, and 6^, molecular orbitals 
The other two pairs of 2py and 2pz orbitals which are perpendicular to the x-axis 
overlap sidewise and form two degenerate bonding molecular orbitals (tx, and 
ms) and wo defterate anti-bonding molecular orbitals (rj nd x z) 


The molecular orbital 
diagram of N, molecule is shown 
‘in figure 3.32, Because of the 
absence of unpaired electrons in 
the molecular orbitals, the 
nitrogen is diamagnetic and is 
very stable molecule. The 
molecular orbital electronic: 
Configuration of N, is: : 
LETT 
pdp <M m ape O age 

Since the inner shell 
flectrons (K-ifell) have no 


ipic eflec on bonding, 
"Wo, the gi < gg is 
deny 'tondensed as KK. Now 
E. Configuration of nitrogen 
"cule can be written as: i 
<tacg" 
n 


Figure 3.32: Molecular orbita) 
ir orbita) diagr 
for Ny molesuje m 


Ap orbitals 


Em 


[7] 


E. NM 
MDGAT BY FUTURE DOCTORS (TOUSEEF AHMAD: 


N, molecule has eight bonding electrons and two anti-bonding eleg 
therefore the bond or ‘der of nitrogen is: 


Bond Order of N, = ra = 


The bond order of nitrogen molecule is three which shows that it forms gy 
bond (N=N), one is sigma and two are pi-bonds. 
Formation of O, Molecule 
The electronic configuration. of. 
‘oxygen atom is 15^, 28^, 2p, 2p, 
2py. As Is’ and2s' orbitals have no 
significant effect on bonding, 
therefore we will not discuss the 
interactions of these orbitals, Each 
‘oxygen atom has three p orbital, 
One pair of p orbitals can combine 
in head-to-head fashion to form one 
bonding (Oy) and one anti- 
bonding (6',,,) molecular orbital: 
The other two pairs of p orbitals 
combine in a sidewise manner to 
produce two bonding (ij; and 
Tapa) and two aptibonding 
molecular orbitals (Rand 7 ,,). 
The molecular orbital diagram of 
©, molecule i shown in figure 
3.33, Oxygen molecule has 16 
electrons, the electronic 
configuration of O, molecule is, 
pU | 
KK < Ge < 02 < Orp T, 
Tag ST ap! ape! n 

From the electronic Me an as 

REER lecular orbital diagram for O: 0 

configuration it is clear that oxygen 
molecule has two unpaired 
electrons in itstwodegeneratez' 


D 


pole 


(W2) 


pee —À 


i. 
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ID C Ras HR GIORS.(IDUSEEF AHMAD) 


aghe molecular orbital diagram, 


relectrons occupy bonding orbitals and four electrons anti-bonding molecula 
Jal sothe bond order of O; molecule is 
ial 
np 


pond Onder of O;— 


A bond order of two indicates that there is double covalent bond in O, 
poleule. One bond is sigma and other one is x-bond. 


4 Bond characteristics 3 
4.1 Bond Energy 
average amount of energy needed to break all bonds in one mağ òf a gaseous 
stance is called bond energy. 5. 
Itis also called bond enthalpy as it is a measure of enthalpy change (AH) at 
K. For example, the bond enthalpy for the bond in H; is the enthalpy change 
onemoleof gaseous H, dissociates into hydrogen atoms, 
H-H —> 2H AH=+436%J/mol 
This equation tells us that breaking the covalent bonds in 1 mole of gaseous 


{moleculesrequires 436kJ ofenergy. _ C7 
The bond energy can also be definedas: 
The amount of energy releasé@-When one mole of bonds are formed from 
Prpanent atoms is called bond erferey- 
Forexample, the bond energy for the formation of H, molecules is: 

: AH -—436kl/mol 


The unit ofbon, i The bo 
id energy is kJ/mol or kcal/mol. nd energy is a meas 
ethyl The stability ofa molecule is related to the strengths, Er 
bonds, The strength of a covalent bond between two atoms is 
Py the energy required to break the bond. The greater the bond energy 


aa) 


—— 
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wer the chemical bond and the st 
hydrazine (N;H,) is highly reactive (unstable) whereas nitrogen (N, isa 
Molecule. Because nitrogen has a very strong nitrogen-nitrogen triple bond 
While hydrazine has a weak nitrogen-nitrogen single bond (N - NJ. 

Bond energies play an important role in thermochemistry. It help, 
explain the heat of chemical reactions. Fora chemical reaction, the enthalpy; 
can be written as: 

AH = ZBE (reactants) + ZBE (Products) 

Where, E shows the sum of terms and BE shows the bond energy. 
The enthalpy of the reaction (AH), is the sum of energies needed to break ol 
in the reactants plus the sum of the energies released in the formation of 
in the products. Consider the reaction between hydrogen and chlorine to fom 
When one mole of hydrogen gas reacts with one mole af chlorine gas then? 
of HCl gas is formed. 

H,+Cl, —> 2HCI AH «1432 KJ/mol 

This reaction involves breaking one H-H and one CI-CI bond and 
two H-Cl bonds. The enthalpy change for this reaction is estimated as: 
‘The amount of energy requiredtobreakH-H bond = 436 kJ/mol 
‘The amount of energy required tobreak Cl-Clbond =242 kJ/mol 
‘The sum of bond energies of H-H and CI-CI -436k1/mol + 242kJ/mol =673 
‘The amount of energy released when H-Cl bonds are formed = 432 kJ/mol 
‘The energy released when 2 moles of HCl bonds are formed = 864 kJ/mol 
AH for HCl > SBE (reactants) + EBE (products) 
= (+678kI/mol) + (-864kJ/mol) 
= —186kJ/mol 

This isan example ofan exothermic reaction, In an exothermic re 
energy required to break the bonds is less than the energy released to mol 
bonds, The excess energy is released as heat. Conversely, in an ¢ 
reaction, the energy required to break the bonds is more than the energ” 
make the new bonds. Energy is drawn in from the surroundings to &! 


(4) 
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N-H 

N-N 

|| N-N- 
NeN | o% 
N-P | 209 
N-O 201 
(N-0 | cor 
NrO| œn 
cn | xs | NF m 
cn | os | Nc] m 
cen | S | Nor | 26 
co] » wa 159 
Cn ee = 
C0 | 10m | o-n | 4e 
cr z 0-0 | 2w 
[es aos 
c-r 351 
os | a» co mg 


miim ir pus nm 


ma pernicie. y difference of the bonded atoms, greater would be the 
ang "d CAEN eis for HF, HCl, HBr, and Hl are 565, 432, 
Rood ofi halides d. 
NAA i EE The bond energies of hydrogen lecrease in 
HF > HCI > HBr » HI 
ue Abe value of bond energy of HF is due the greatest E.N difference 
the lowest value of bond energy of HI is due to the smallest E.N difference 


Er 
eae Iis of multiple bonds (= or e) are greater than single bond. For example 
*tRy of nitrogen-nitrogen single bond (N-N), double bond (Nen -> 
[7 (NSN) and 


3 
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(NEN) is 160, 418, an 
bond is stronger than the double bond, which in tum is stronger than the single by 


able 3.5: The Relation between by 


Shorter the Il be thi 
bond length, greater wi © Teeth and Bond Enemy 


bond energy and vice versa. 
As the number of bonds between the 
carbon atoms increases, the bond length 
decreases and the bond enthalpy increase 
That is, the carbon atoms are held more 
closely and more tightly together. 
Atomic Size 
Greater the size of bonded atoms, greater would be the bond length, hence sm 
will be the bond energy and vice versa. For example, the bond em 
1,(151kJmoT') is smaller than that of C1,(243kJmoI"). This is because the]- Ii 
length is larger than CI -Cl bond length. 


3.4.2 Bond Length 

The distance between the nuclei f fivo covalently bonded atoms 
length. It is also known as bond distance. Bond lengths can experime 
determined by using the physical techniques such as, electron diffraction, X 
diffraction, and spectral studies. In many cases, bond lengths for single o 


of H - Hi. 
the bond ength (198pm), therefore the H-CI bond length in hydrochloric * 
yi 

approximately 136pm (37pm +99pm = 136pm) The actual value of bond let 
HClis 127pm. mern ae i triple bond is shorter than double bond WH% 
turn is shorter than single covalent bond. As the 
Tiber of bonds (bond order) between two atoms fadi iuba 
increases, the bonds length decreases. For example, 3 

the average bond lengths for carbon-carbon single, 
double and triple bonds are given here in the 
table 3-6. 


[05] 
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Thevaluesof average bond lengths help us: 

To provide the clue to the type of bonding present. 
| To understand resonance structures in molecules like ozone. 

A Table 3.7: Average Bond Lengths (pm) 

[Bond Leng Bond 


E 


z|z|eo|6|o| 


s 
F 
[- Wis 


ir Bond Length 


bond lengi increases by increasing atomic size and vice versa. For example, 
length of. 1(266 pm) is more than Br- Br (228 pm). 


pm—HÓ n" 


a 
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| Soorderofbond length will be: 


HF - HCI - HBr - HI 


‘Type of Hybridization x 

Greater the s-orbital character in the hybrid orbital, shorter will be bond length 
example, the carbon-carbon bond distances in ethane, ethene and ethyne ar i 
133 and 120 pm respectively, because ethane, cthene and ethyne have sp’, sp gj 
hybridization respectively, The bond length also reduces due to the presence) 
bonds in ethene and ethyne. 


34.3 Electronegativity (E.N) 
‘The measure of the ability of an atom in a molecule to attract the bonding elec 
(shared electrons) to itself is called electronegativity. 

The electronegativity of elements decreases from tp to bottom in a grog) 
periodic table due to increase in atomic size. Itincreasés from left to right inapel 
of periodic table due to decrease in atomic size. 

‘Table 3.8: The Pauling Electrodegativity Values 


Ee 


fees 


‘The elements with high electronegativi 
bonding electrons more strongly than the el 
electronegativity values. 


ty values, such as fluorine: 
lements such as sodium that hf 


(ow equally or unequally the eleetror.: are shared) in a covalent bond is known a 
pon polarity: ý 

a covalent bond involves the sharing of at least one pair of electrons between two 
„toms, Ina molecule like H, in which the atoms are identical, the bonding electrons 
are shared equally. That is, the electrons spend the same amount of time in the 
vicinity of cach atom. We can say that the electron pair is situated exactly between 
he two identical nuclei. The bond so formed is called non-polar covalent bond or 
imply non-polar bond. But when the two atoms are of different elements, the 
„onding electrons are not shared equally. That is, the bonding electrons: spend more 


ime near one atom. than the other. For example, in the case of the HCI molécille, the 


onding electrons spen. 
fhis “unequal sharing" o! 
Jectron density near the chlori 
ensity near hydrogen. The resul 
olar bond). 


1d more time near the chlorine atom than the hydrogen atom. 
f the bonding electron pair results in a relatively g 

ine atom and a correspondingly lower electron 
lant covalent bond 


reater 


is a polar covalent bond (or 


covalent bond as intermediate between à 


npolar covalent borid (where sharing of electrons is exactly equal), as in Hy, and 
ionic bond (when transfer of the electron(s) is nearly complete), as in NaCl. 
om this point of view, an ionic bond is simply an extreme example of a polar 
valent bond. We use a quantity called electronegativity t0 estimate whether a 
ven bond is nonpolar covalent, polar covalent, or ionic. 

Electronegativity is used to predict nature ‘of bond. But predictions may not 
is no clear-cut division between ionic bond and 
iy difference of two bonded atoms predicts 
The greater the difference between the 


You can considerthe polar 
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two bonding atoms is often represented by the symbol AEN, where EN isa 
for electronegativity and A is the Greek letter delta which means “differences 
Clectronegativity difference (AEN) is determined by subtracting the E 
electronegativity value from the larger. When AEN is zero, the bond will bp, 
covalent bond (100 % covalent), When the electronegativity difference in 
1.8 or greater, the bond will be ionic. Ifthe AEN is from 0.5 to 1.6, the bond wilh 
polar covalent bond, When the AEN is below 0.5, the bond is normally classi 
a covalent bond, with little or no polarity, If AEN is equal to 1.7 the bond wil] 
50% covalent character and 50% ionic character. 
3.4.5 Dipole Moment 
Dipole moment is the measure of polarity of the bond in a covalently ben 
molecule. We can say that the polarity of a molecule can be meas 
experimentally by measuring its permanent dipole moment, The greater the d 
moment, the greater is the polarity of molecule, The molecule is considered as 
polar when its dipole moment is zero, We know that polar covalent bonds f 
between atoms of different electronegativity: In the HCI molecule, the cl 
atom is more electronegative than hydrogen, and the chlorine atom thus atta 
electrons towards itself. As a consequence, the electrons are displaced towan! 
more electronegative chlorine ator and it gets partial negative charge (5). OF 
other hand, the less electronegative hydrogen atom attains partial positive cb 
(8°). The molecule such as HCl which has a 

Q g 


partial negative charge atone end and partial 
positive charge at the other end is said to be he Quite | 
polar. @ 2. —.9 

Dipole momentis defined as: 

The product of electric charge on either end ofa polar 
bond and the distance between the charges is called dipole 
moment tis shown by i (mu). 

Mathematically, 
Dipole moment = Charge x distance 
k Tu NT 

Where Q is charge and r is distance. Q refers only to 

the magnitude of the charge and not to its sign, so is always 
sitive. Dipole moment is usually measured in debye units 
(D). (pronounced as dub-bye), named for the Dutch- 
hemist and physicist Peter Debye. In SI units 
isaremeasuredincoulomb-meters(Can) 


(120) 
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The dipole moment of water is 1,85D and that of ammonia is 1.47D. The 
"|. Jarger value for the dipole moment of water means that water is more polar than 
'à ammonia. The dipole moment is a vector quantity which has both magnitude and 
hy direction. The direction of dipole moment is from positive toward negative. We 
Ñ often represent the dipole using an arrow with a cross at one end ( -1—») to indicate 
Ë the direction of electron displacement, The point of the arrow represents the 
ll. negative end of the dipole (&°) and the crossed end (which looks like a plus sign) 
represents the positive end (8^). The length of arrow shows magnitude and its head 

shows direction. S 
J Diatomic molecules containing atoms of different elements (for example, 
u HF, HCI, HBr, HI, CO, and NO) have dipole moments and re called polar 
molecules. Diatomic molecules containing atoms of thecsame element (for 
; example, H,, Os, Nz. F; and Cl,) do not have dipole móinents and are called 
nonpolar molecules. For a molecule made up of threé-or more atoms, both the 
; polarity of the bonds and the molecular geometry determine whether there is a 
| dipole moment. Even if polar bonds arc present; ihe molecule will not necessarily 
| have a dipole moment. It is noted that ifa málécule is polyatomic and has two or 
| more dipoles, then net dipole moment-fs the vector sum of individual bond 
moments. An example is the CO, molecule, which is a linear molecule. In this case 
"the opposing bond polarities cancel ouf, and the carbon dioxide molecule does not 
have a dipole moment. There aré any cases besides that of carbon dioxide where 
the bond polarities oppose arid éxactly cancel each other. Some common types of 
boris but no dipole moment are CS,, SO,, CH,, SiH, and 


molecules with polar 
ccl,, 


Calculate the dipole moment, in Debye unit, of a hypothetical 100 % ionic 
molecule where unit positive and unit negative charges are at a distance of 1A". 
‘Thecharge on the either ends of the molecule is 1.60% 10"c. " 

wwe ww. 


Lx JA 1x10 "m2 10 m 
.60x 10 C. 


(2) 


As we know that, E 


H=Qxr 


Therefore, i 
Dipole moment ofthe hypothetical molecule = 1 60x10” Cx 10g 
60x 10? Cm | 


1D 2334x107 Cm 
1.60x 10 Cm 
=4.79D 


p 7334 x10" C miD 


Since, 


Hence, 


Applications of Dipole Moment 
Dipole moment can be used to determine: 
i) Percentage ionic character. 
i) Percentage Ionic Character: 
Itis defined as: 
The observed dipole moment 


ii) Gegmietries of molecules 


divided by ionic dipole moment 


answeris multiplied by 100 is called Yeagetonic character 
Serge ionisé _ Observed dipole moment, 199 
haracter =- joie dipole moment 
age ionic character of some molecules is: 


HF = 43% HCI = 17%, HBr= 12%, HI=5% 
le moment is e 


Tt decreases by decreasing dipole moment. If dipol 
bond is 100% covalent 


dipole moment of HCI is 1.03D and the distance 25 Hi 
length) is 127pm. Find the percentage ionic characte? af | 


ces 


Observed dipole momentof HCl = 7 1.03 D. 
5 Hand Clatoms=r= 127x 10 ^m 2127x108 
is 100 ionic, then the charge on each atom (Q) is thee 
W gitisequalt9 1.60% 10 7C. 2 

jonic di alculated as: son 

pole moment = (1.60 10 "C)x(1.27 x 10m)=2.03x10 

n - 4. 200107Cm . 
F ajc dpoie moment Detye unt Ec ul 


(12) 
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entage ionic character of HCI can be calculated by dividing the 
moment with ionic dipole moment and the answer is multiplied 
1.03D 
6.08D 


00: 
Maecen ATT of HCI= x100% = 16.9% 


ries of Molecules 


Geometi 
ermine the geometries of molecules 


Maple moment helps to det 
of Diatomic Molecules: 


Ce geometry of diatomic molecules is always linear whether they are polar or non- 


à vole moment because the electronegativity of 
n beer uaque ® bydrogen (2.1). Thus fluorine attains partial 
Nee rapi Deen ais partial postive char and HF molecule becomes 
pr dic gin ri ceuleisnon-polarand hasnodipole moment, 

i handhydrogen mO P rs share electrons equally and no bond 


Geometries Molecules i 

n of Triatomic linear or angular geometry, itcan be decided with 
Med Sie atomi linear molecules have no dipole moment, 

Toe ome m the two polar bonds are equal and opposite. They 


the effect ofeach other. For examp?e, 
j eet of ach other osle with polar covalent bonds. The shape of CO, 


two dipoles: They are equal and have opposite directions, 
f each other. Therefore, the dipole moment of 
[75] 


S vis linear It has 
cancel the effect ol 


m 


— 7 
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VEL GO) is zero. Although carbon dioxide has Hood dipoles 
relatively strong polar covalent bonds, CO, isa i| 
nonpolar molecule. On the other hand, if the ^| 


CO; molecule were bent, the two bond 20-0» 


moments would partially reinforce each other, 


igure 
80 that the molecule would have a dipole pee Sr, 
moment. Molecule ` 


Í Keep in Mind 


ii) Consider the water molecule which has 
two polar O-H bonds. The bond dipoles point 


from the hydrogen atoms toward the more Baa 
electronegative oxygen. They are equal but do Net 
nothave opposite — dircétions. So they do not [i 


cancel the effect of each other. This is due to. A N 
non-linear geometry of H;O. The shape of H,O E 
is bent or angular. Because ofits bent shape, the [ 
water molécule as a whole has a negative pole Figure 335 
and positive pole. If the H;O molecule were Geometry of War 
lincar, the dipole moment would be zero, 
Similarly, geometries of H;S and SO, are also 
angular. 

Geometries of Symmetrical Molecules 
"The symmetrical triangular planar molecules (BF.. AICI, and so.) and 


molecules (CH SiH, and CC) have zero dipole moments. In these "l 
c poments cancel effectofone another 
bon 


(124) 
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uo Pe) 
Boron Trifluoride Carbon Methane 
{Non-polar) Tetrachioride (Non-polr) 
| @on-polar) 


Figure 3.36: Geometries of symmetrical polyatomic molecules 


SO, 1.61 per E 
F Polar | Trigonal pyramidal 
onal pyramidal 


i PH, gae 
Sulphur trioxide Š Fon pir [Tr 
000 — | Non-polar | Tetrabedral 


Effects of Bonding on Physical and Chemical Properties 

e physical properties such as melting point, boiling point, density, colour. 
luli, bond energy. vapour pressure and chemical properties such as reactivity, 
jonthe nature of bond present in them, 


Tate of reaction etc. of compounds EE 


VOCARE EETA E RAGES AASE AHMAL 


lity is a measure of the amount of a solute that will dissolve in a solv 
specific temperature, For example, 36g of sodium chloride will dissolve in w 
Water at 20°C, Wesay then that the solubility of NaCl in water is 36g/100g ory 
20°C. Why some compounds such as sodium chloride and sugar are readily s 
ih water while others, such as marble, sand and gold are insoluble iy 
Solubility is a complex matter, and it is not always possible to make a 


Predictions. Solubility involves many factors but we will discuss only one fa 
this topic. The 


n CC, and C,H, mole 
“molecules and between G 
are very polar and are d 


3.5.2 Reactions of Ionic and 
The reactions of covalent com 


IDC AF oa THRE ROK TERS (HLS EE rof MAND) 


ovalent Bonds 
onic bonds are non-directional and the; on of isomerism 
ic they do not sh: 
ie show the phenomenon 
while covalent bonds are directional and they show the process of i ‘ 
x le of isomerism. 


a ae Te a RT emt 

MOGALBY FUT! DOCTORS. TOUSEEF AHMAD 
This mm RED useful for Bir the paramagnetic chara | 
of oxygen molecule and other substances. 

> The bond onder is the half of the difference between the number of elec 
in bonding MOs and the number of electrons in antibonding MOs. A bog 
order of one corresponds to a single bond; two corresponds to a double bog 
and so forth. Bond orders can be fractional numbers. | 

> The distribution of electrons into molecular orbitals takes place accordingy 
Aufbau principle, Pauli's exclusion principle, and Hund's rule, 

> A covalent bond in which the electron pair is not shared equally by them 
bonded atoms is called polar covalent bond whereas covalent bond j 
which the electron pair is shared equally by the two atoms is called none 
polar covalent bond, 

> The bond energy (bond enthalpy) is defined as the average amount of eney 
needed to make or break all bonds in one molé of a substance. Energy 
released when a bond is formed, and energy is absorbed when a bondi 
broken. AS 

> The distance between the nuclei of 4X0 covalently bonded atoms is 
bond distance or bond length. Bond length depends on bond order; as 
bond order increases, the bonderigth decreases. 

> Electronegativity isa measure of the ability of an atom to attract bond pait 
electrons towards itselfin a molecule. Fluorine is the most ele 
element whereas the)cesium is the least electronegative element in 
periodic table. Electronegativity values range from 0.7 for Cs to 4.0 fll 
‘The difference in the electronegativity of bonded atoms can be us 


determing he polriy of & bond. The prater th ele 
-diferesee two atoms in a chemical 


—— ; CEN 
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hich bond is formed first between two atoms? 
igma bond (b) Pi-bond 
Double bond (d) Triple bond 
“Molecules having four bond pairs and no lone pair give 


(b) Tetrahedral 
tah (d) Triangular 
hich of the following compounds has linear shape? C) 
a) CO, - (b) CS. (c) BeCl, (d) Allofthem S 
DOUGH e following molscles hows hybridization? 
(b) AICI, (c) MgCl, (d) BeH, .<* 
|o ons ofthe following compounds is polar% 
€)cH — QV 
(@) CHCI, c 


(b) Fluorine 
(d) Oxygen 


nie words given in the brackets: 
esare structures, (Real/hypothetical) 
bond length is shorter than carbon- 


bond Single double) 


(23) 
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J iii) Energy is when two atomy fign 
(Evolved/absorbed) 
i) Thesigmabondis_____ than pi-bond. (Weakerl 
v) The bond order of O; is and that of Ny ig 
(Two/three) 
r vi) Molecular orbital theory is — — to valence bondi 
(Superior/non-superior) 
vil) N, is ___ whereas O; 
| diamagnetic) 
vii) Dipole moment of CO, is.— 
(zeroinot zero) 3 
ix) HS has geometry while CS, has CMM 
(Linear/bent) Qe 
x) Tonic bonds are. irectiónal/non-directional). 
Q3. Labelihe following statements ruc or False: j 
i) The formation of a chemical bond always results in 
energy. ae 
Atomic radius débrčases down the group. 
Ashared paif of electrons is called lone pair. 4 
mo sept difference for an ionic bond is 


11. 
X) C@biapolarmotecule, 

Vi) Bond length of C=C is 120 pm. 

E TheSlunitof dipole momentis Debye. * 


A Ni) Amolecule with zero dipole moment is non-polat- 


init, 


Q.6.(2) Me geome! 3 Pair-lone pair< lone pair- 
| * geomelry OfCH, iStetrahed ile thatof NH3 5 
As both the molecules have aue a 


(30) 


Fhe molecules SFBE, and AICI, have planar triangular geometries while 
desolecules ol NI], and PCI, have triangular pyramidal 
|l of these molec ules, the central atom is bonded w 
the bisis of VSEPR theory. 


mn thison 
erine shapes ofthe following species using,the VSEPR theory 
eC ZnCl AICI, PCI, Sif, CHCI, PH, and ASF, 
Avion you have three electron pairs around a central atom, how can you 
faved distorted triangular geometry? 
A I many atoms are directly bonded to the central atom in s lincar 
olecil, terahedral molecule, and octahedral molecule? SY 
| Whatdo youknow about bond pairand lonepairofelectons? ,«V" 
Tit possible for hydrogen to form double or triple enin ids ina 


molecule? 
|. Define the term resonance. Explain the important agor resonance 
With reference to the ozone molecule. 
The resonance concept is sometimes descril 1G) analogy to a mule, 
Nhichisa cross between a horseand a donkeyediscuss. 
(IX Describe the salient features of valengeSbond theory. What are the 
‘of this theory? ^ = 


te; 
‘nme tt of molecular c nial 
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larorbital lice Rand Vi 


Q24. How mole: 
é Q25. How would you distinguish between bonding andate 
molecular orbitals’ 
Q26. Whatis bond order? Explain the significance of bond oido 
i bondorderof Hy, O., N; and N 
| Q2. Do nlt the sigma molecular orbitals result from the overlap 
| orbitals! 


Q28. Explain the following with reasons 
The molecule of hydrogen (H,) is stable and that of 


is unstable. 

Gi) N, is diamagnetic whereas O, molecule is parapnagnetic. 

(iii) The bond energy of N, is greater than Oz, x 

(iv) ThebondorderofO, is less than O3. . ^ 

(v). According to MOT the Be, molecule does notexist, 
Q29. Whatis the difference between atomi@ 9rd molecular orbital 
Q.30. Distinguish between diamagneticafid paramagnetic substances, 
Q31. Draw the molecular orbital diagrams of Hes, C, F; and Ney 


Q.32, Define bond energy- we in general how the bond 


elements changes acrogs period and down the group. 
Q3. Explain why bond breaking is always endothermic and bond 
i always exoth 
Q.34. Explain howaye tan use bond energies to estimate the! 
0.35. Estimate d¢enthalpy change for the combustion of by 
g 2H; NUM " ER 2H)0,, 
Q36. Delfiebond length. Describe the various factors that affect 
Q.37, Sr is the relationship between bond order and bond length 
Swithanexample, 
Q8. What is electronegativity? Discuss general trends of €l 
LY theperiodic table. 
Q39. Explain polarand non-polar covalent bonds with suitable‘ 
Q.40. Polar covalent bonds are stronger than non-polarcovalent 
QAI. Classify the following bonds as covalent, polar covalent 
justify youranswer; 
j (2) ThebondinH, (b) The bond in HCI 
| x (c) Thebondin NaCl 


(32) 


pt—M— 


of two bonded atoms helps ug to predict 


With the help of periodic tabt 
smaller values of elects 


le. predict which atom in each pair has the 
ronegotivity: 
WNO OK.Ca (jc 


(d) Na, K 


fine dipole moment, What are the units ‘and symbol for dipole 
moment? Explain the hip be 
geometry. 


How ein we calculate the age ionic character with the help afgliole 


 momentand molecular 


moment? Y 

How dipole. eben helps us to find the geometry of molecu 

+) molecule E polar but the 
A 


Although the bond in beryllium hydride (E 
dipole moment of the molecule is zero. Fs 
- CO; and H,O are triatomic 
that of H,O is 


- The dipole moment of HE is 1.82 
Calculate the percent ionic 
Or negative charge is 1.60%10 
Hc & 

* Calculate the dipole mapiént, in Debye, of HCI molecule Thé bond 
length in the HCI moleeule. ìs 127pm and the charge on each atom is 
16010 c. E 
CIP gas is inta ilogen compound (the compound which has bonds 
between digent halogen atoms). The bond length of the molecule is 
163pm ahe dipole moment of the molecule is OSSD. Calculate the 
Unitehaige on the atom that has partial positive charge s 

* Separate those molecules, from the molecules given below, which have 
pole moment equal to zero: 

(i) HBr (ii) Ch (i) SO, (iv) GH, (v) Hio 
U)CS,  (qvi)cH,  qWi)CHCl (x) NH, QSH.. 

* Whatisthie meani Of the expression “like dissolves like"? Explain with 

Suitable examples, 


Kinetic Molecular Theory of Gases 
Boyle's Law 


Deviation from Ide 

Van der Waal's Equation 

Dalton's Law of Partial Pressure. 
Graham's Law of Diffusion and Effusion 


4.10 Liquefaction of Gases 
4.11. Fourth State of Matter; Plast 


The students will beable to 


Listthe postulates of Kinetic Molecular Theory, (Remembering) 

Describe the motiofief particles ofa gas according to Kinetic Theory: (Af 

State the valuesoFstandard temperature and pressure (STP). (Remem 

Relate temperature to the average kinetic energy of the particles in aah 

(Applying) - 

Use Kinetic Theory to explain gas pressure, (Applying) 

pam vc the effect of change in pressure on the volume of yas: (APPINI 
ribe the effect of change in temperature on the volume of gas. (APP 

the significance of absolute zero, giving its value in degà 

Kelvin, (Understanding) 

State and explain the significance of Avogadro's Law: (Understanding) 

Derive ideal gas equation using Boyle's, Charles, and AVO% 

(Understanding) 5 

Explain the significance and different units of ideal gas constant: (OM 

Distinguish between ideal and real gases, (Understanding) 

Explain why real gases deviate from the gas laws, (Analyzing) 

Define and describe the properties of Plasma. (Applying) 

Derive new form of Gas Equation with volume and pressure. 

gases. (Understanding) 
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nd'use Graham s Law of diffusion. (Understanding). 

juse Dalton's Law of Partial Pressures, (Understanding) 


Law. (Applying). 

ILimd's method for the liquefaction of gases. (Understanding). 
and give its different units, (Remembering). v 

lexplain plasma formation. (Understanding) 


What is matter? Matter is anything which has mass and occupies space. Matter is 
clusified by its physical state as solids, liquids, gases and plasma. Under normal 
conditions, most matter on carth exists in one of three physical states, namely, solid, 
liquid, or gas. Solids have both definite volume and definite shape. Their particles 
are close together and fixed into place due to the greatest interagtion forces. Liquids 
have definite volume but have no definite shape. They adopt the shape of container 
in which they are placed. Their particles are still close fouether but move freely. 
Their molecules have greater attractive forces than gases but less than solids. Gases 
neither have definite volume nor definite. shape. They occupy all 
the available space of the 
container. Their molecules are 
neither close together nor fixed in 
place due to weak attractive 
ps The gases occupy about 
0.1% (99.9% empty space) 
eas liquids and solids easy 
t 70% (30% empty space) of 
I total volume, ‘Bt room 


be hair muscles etc) gr a1 Digam tg psi cm 
id (blood and body fluids), of stiles of mater 

Bas (the gases we inhale and exhale and the gases that are produced in the 
inc). The particular state of a substance is determined by temperature and 
Under which they exist. For example wates changes to solid (ice or snow) 
OC and changes to gas (steam) above 100°C. The physical state of a 
Usually means its state at room temperature (a bout 20°C to 2: 


(185) 
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Physical state of water, milk and vinegar is liquid; salt (NaCI), 


phere pre 


atter, called plasma, is je 
gas mixture. Stars are made of plasma, Fire is an egal 
Plasma. Most of the universe is composed of plasma. Plasma, like gaye 
indefinite. Shapeandan indefi volume. | 

(on Of LIS elements only 11 elements arc gases under normal condi 


{hey ure hydrogen, helium. nitrogen, oxygen, fluorine, neon; chloring 
krypton, xenon and: rador 


for better understating the behaviou 


by James Maxivell (1831-1879), Lu, 
Waal. Thistheory sometimes called p; 


4.1.1 Postulates of Kinetic 
The Main postulates of this theory are: 


i) All gases consist of very large umber of tiny particles called 


molecules, 
ii) The molecules of gases are Widely separated from each other. Heft! 
the volume of the gas is empty space (nearly 99.9604) ). That is why gi 
compressed and mixes cony Other, 4 
iii) The actual volume of, z 


negligible (very small) as co" 


pletely with each 
gas molecules 


(138), 
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P javoame ot Ihe gas OF volume of is container 
Aus molecules are in constant random motion in 
M ig lines. Their direction of motion changes only 
spente collide with onc another or with the walls of 
inet Thatis Why gases quickly and completely fill 
ayconainerin Which they are pla 


d. Pressure exerted 
bygisis due to collision of molecules with one another 
onviththe walls of container. 
4) The collisions of gas molecules 
sisic Thismeans that total energy of molecules before 
»wdafier the collision remains same In other words, 
nergy can be transferred from one molecule to 
i resltofacollision. However, the total ene 
femoleules in a system remains the same, Therefore, 
he average kinetic energy of gas molecules is not 
by these collisions and remains constant ag 


are completely 


another 
rgy of all 


as there is no change in temperacire 
Due to large intermolecular distance, na ‘at 
among gas molecules, Therefore, thoyaie 
Gas molecules have kinetic energy This 
ing temperature, the average Kitlétic energy of. 
‘8 at the same temperature will have the 
IS move faster as the tempehature increase 
Pe foreand producing higher pressures 


i) 


ay, 
fg, Ure and its Units 
tg, e*t Important properties of any gas is its pressure. Gas Pressure is a 
Torec exerted bythe collision of particles with he walls ofthe contains 


[n] 


po] 
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we ores exerted by pa molecules per unit area per second Ts called gasi 
Simply pressure, 


Force (F) bees 
Pressurecp) = Poet 

Area (A) 
The pressure exerted by Earth's 


Atmosphere can be measured with a barometer. 
A simple barometer is one meter long glasstube Aven 
Which is closed at one end and open at the other 

end. The barometer is probably the most 
famili 
pressure (The force exerted by atmosphere on 
unit arca is called atmospheric pressure). How 


instrument for measuring atmospheric 


atmospheric pressure is measured? Ck eaten 

Barometer is constructed by filling à C Figure 4.3: The height ofm 
glass tube with liquid mercury (Hg), and shea column in the ur 
inverting it into a mercury containing disfr; The 
mercury in the tube on inverting, flowotit in to the contain creating à 
the top (closed end) of the tube due tothe force of gravity. This fall becom 
the force exerted by the atmosphere which balances the gravitational foret 
atmospheric pressure. 

‘The length of tufje (column) measures atmospheric pressure. 
pressure varies fratu-place to place and with changing weather | 
"Therefore some Stiidard pressure must be taken. The standard atmosph 
pressure is Ifeforce exerted by 760 mm of mercury on an aren of Jem! 
the avers tmospheric pressure at sea level 
Units” 

‘A number of different units are used to measure pressure, The coi 
pressure is millimeters of mercury, symbolized mmHg. The P 
millimeter of mercury (mmHg) is also called the torr in the honor of 
Torricelli (1608-1647), the Italian mathematician and physicist who !™ 
barometer in 1643. Thus we have the following relation: 
1 atm =760 mmHg = 760 torr $ 
The SI unit of pressure is the Pascal (Pa), named in honot ^ 


(138) 
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mathematician anc! physicist Blaise Pascal (1623-1662), He was ihe first 10, 
qot atmospherie pressure decreases with increasing altitude One Pascal (Pa) is 


defe asthe pressure exerted by a force of one Newton (ENG 


esqnare meter (m^) a 
N ah ussd u , 
The commonly used units of pressure other than Pascal "-— 


(i) mmHg (i) cm Hg. Gili) ore om 
(iV) atmosphere (v) psi iy be 


e latm = 760mmHg 76Dtorr = 76emHg. 
e latm = 1013258, orNm^ = 101.325kR, 

* lam = 1,0132Sbar 1013.25 mbar (millibar) 
* lam 


* latm P 
Torr is olen used for Tow pressure In the English or Bitish system, pressure. 
ismeasured in terms of pounds per square inch. X 


Barometer can be used only to measure atmosphégic pressure and vapour pressure ofa 
liquids. Tl cannot measure air pressure indé à re and ina closed container like 


(ylinder of gas or football. The pressure ofthe air inside an inflated tire or a football is 


Measured by a tre-pressure gaugé. The blood pressure is measured by 


delthe tire of a small car is 35psi. What is the equivalent 


The ir pressure inside i 
Pressure in (a) atm; (b) Pascal, (c) kPa, (d) bar and (c) torr’ 
" v 


Ck ; 
9 Weliow that, lam = 147psi 
Hence, 14.7psi = lam 
lam 


Isi = ups 


; oL JUS, 35psi 
35psi = Ta 7psi 


(38) 
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= N325Pa 


| By Weknow that, 14.7psi =f atm = 
/ Hence 14.7 psi : 


14.7psi 
b 101325P8 , 5. i 
Eo emen 
241250Pa 
€) Weknowthat, 14.7 psi = Latm —101325kPa. 
tiens. 14 psi 101.325kPa 
1 101.325kPa. 
ss 14.7psi 
101.325KRa 
35 psi = SEES aspgi 
m- us s 
= QOSOkPa 
d) We know that, 147psi OT atm = 1.01325 bar | 
Hence, 14.7 psi@= 1.01325 bar 
(ps. 1402325bar 
147psi 
35psi = 
A 
= 241250 bar 
©) Wolknow that, 14.7 psi = 1 atm = 760 torr 
TE 14.7 psi = 760 torr 
lps = 280torr) 
14.Tpsi 


‘The pressure of atmosphere on the to 
k pressure in (a) atm, (b) mbar, and (c) 


P o Mt, Everest is 270 torr, Rep" 
psi. 


L 
RE DOCTORS (TOUSEEF AHMAD) 
Messe lemon DOCT Relationship) 
11168, he pioneering English scientist Robert Boyle and. 
isassitant Robert Hooke (1635 - 1703) used a J-shaped 
glasstbe closed at or 


id to measure the volume of gas at 
dierent pressures. They kept temperature constant. They 
weed an inverse relationship between volume and 
presure-an increase in one results in a decrease in the other. 


This law can be stated in two ways 


i) The volume of a fixed amount of gus is inversely 


proportional to pressure at constant temperature 
Ifthe gas pressure is doubled, the volume is halved: ifthe 
pressures halved, the gas volume doubles. 


V xf (u Constan Temperature) 
Y= KF Where K is proportionality Consent 


i 
eK J h 
Gas Gs 
With the help of this equation, the Boyles 
Livcanbe defined as: 9 
9 At constant temperature, the groduct of ^ 
Pressure and volume is const for the 
Kiven massof gas, S 
Mathematically, — 
DS 
! i p.v, = p. MK "n 


my E 
be ans that FAS the initial pressure and Tipes% 


|: a initial i ime. If we increase pressure Verification of Boyle's Law 
fa "lume will reduce to V, and if we 


*n in, P 
ey Pressure to P. the volume will 
JV jand so or 


precem 3 
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Point of Interest) 


When a Student of your class fills helium gas inside the balloon, it inflates, 
Pressure of bas inside the balloon becomes equal to external pressure, Beca 

Same volume of helium is less than the mass of same volume of air (i.e, heliu 
dense than air) at constant temperature and pressure. Because of this, it rises y 
balloon carry on travelling until the pressure inside and outside becomes eq, 
Stops rising and remains in one place in the atmosphere 


Graphical Representation of Boyle's Law 

i) lfa graph is plotted between pressure on. 4 ^ 
the x-axis (abscissa) and volume onthe y-axis |^ 
(ordinate), then a curve is obtained, which 
shows that, pressure is inversely proportional 
to volume. This curve is called isotherm or 
hyperbola, (Iso means same; therm means 
heat). 

i) The proc 
the system remains constant is <afled 
isothermal process. 


iss in which the temperaturé of 


Figure 4.5; 
Graphical representation o afl 


"A green colour balloon-occupies a volume of 25dm when the gas pr 
1.25atm, What willbe its volume if the pressure is increased to < 


constant temperaipre? 
Solution... 
Initial Volume = V, = 25dm 
tial pressure =P; = 1.20atm 
Final volume =V; =? 
Finalpressure =P, = 2.50atm 
‘According to Boyle's law: 


Pivi = Pia 
By putting the values we get, 


(1.25 atm)(25 dm!) 
Va= 2:50am 


pee————3 


= M. 
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epas found in Sui Gas (Natural gas) contains a volume of 70dm' at a 
of 75atm. What volume would the gas occupy if the pressure is 
y four times? The {temperature of gas remained unchanged, 


U Charles’s Law (Temperature-Volume Relationship) 
{17,4 French physicist Jacques Charles, who was the 
fu penon to fill a balloon with hydrogen gas and who 
lit he first solo balloon flight, found a relationship 
remvolumeand temperature of a gas (volume incr: 
enpesture increases and dec as tempera 
hrs) This relation is called Charles law. In 184. 
‘ih physicist William Thomson (1824-1907fg hose. 

‘is Lord Kelvin, proposed an absolute-fémiperature P er Ch 
Bmw known as the Kelvin scale; (He identified 746-1623) 
ISC as absolute zero, theoretically je lowest attainable temperature. In 
ithe Kelvin scale, Charles's law states: Volume of a fixed amount of gus is 
Proportional prse eg lure at constant pressure 

ically, 


y Hoven 


Vr Ki inet constant 
a sk 


LI 
"Petre is changed fromT, 
Changes from V, to Vs, 


E 


u- 


7% ang V 
T 


Figure 4,6: Verification of Charles's Law 


pu] 
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So, 


The law can also be stated a5: 


For th ; mass of'a gas, the ratio of volume and temperature y 


constant at constant pressure. 


Graphical Explanation of Absolitte Zero: 
When a graph is plotted (between 
temperature on x-axis and voluipeon y-axis 
for the sample of a gas, «straight line is 
‘obtained which intersects the temperature 
axis at -273.15C, Tis shows. that if the 
sample of gas isicóoled to -273.15'C, the 
volume of the Pas will become zero. Any 
volume les$than zero are not possible. The 
tempefumire at zero volume is-273.15°C 
(OK), no matter what kind of gas is used. 
This hypothetical temperature (-273.15'C) 
at which volume of a gas is considered as 
Zero is called absolute zero or zero of 
Kelvin or absolute scale. This lowest possible temperature could be acl 
ihe substance remains in gaseous state. Since all real gases are conv ented 
state before this temperature, therefore, this is not possible for real 
against the Law of Conservation of Mass, 


(144) 


— volume. 


p —MÁÓ 
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elvin and a degree Celsius have the same 
* the temperature in °C to get the temperatu 
 Qelsiusis equal to the cha 

same as 298.15K. A cha 
change in temperature of 25 K. 
Inmost calculations we will use 273 instead of273.15 asthe term relating K and °C 


By convention, we use T to denote absolute (Kelvin) temperature and t to denote 
Celsius temperature. 


nitude. Thus, while we add 273.15 
in Kelvin, a change intemperature in 
n Kelvin. A temperature of 25°C is the 
in temperature of 25°C, however, is the same as a 


[Absolute zero can also be defined as: the temperature at which the malecular 
mation ceases (stops) and a substance would have zero kinetic ene” At this 
Jenperature, none of the particles would be moving at all. Their speed and their 
icc energy would both be zero. The absolute zero is difcultip tain. Anyhow, 
cently the temperature as below as(10 * KJ0,000001K) has béen attained which is 
eater than absolute zero {Charles la is not obeyed when tatirperaturc is in degree 
Celsius (°C), The temperature on Celsius scale has negative values (below 273.15 
lin) If we put negative values of temperature in tothe equation, we get negative 
olumes, The negative volume for matter (gas) isifot possible. In order to ensure 
þat only values of V= 0 occur, we have to use.an absolute temperature scale where 
0. Thestandard absolute scale is the Kelyin(K) scale, 
- Greater the of gas taken, greater would be the slope of 
he straight line, at pibe ESEA gas. greater would 


Scientists prefer the Kelvin scale to the Celsius, and certainly to the Fahrenheit 
ks. Ifthe Kelvin temipcfature of a gas is doubled, its volume has doubled as well. 
Sume cannot besad if the temperature were doubled from, say, 25°C 
77°F to 122€) since neither the Celsius nor the Fahrenheit 
ut the volume of gas. 


Sample 4.3 


Mox is inflated ro a volume of 13 dm" at room temperature (25°C). What 
new volume of the balloon when it is placed in a hot water 
60°C)? The pressure stays constant. 


i3 
= 


ha j 
Volume = V, = L5dm 


p———MÀ 
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Initial temperature = T, = 25/0273 = 298K 
Final volume eive 

Finaltemperature =T, = 60C4273 =333K 
Pressure P = Constant 
According to Charles’ law, 


v; 


By putting the values we have, 
1,Sdm? 


soe 333K 
V, = 1,68dm' 

‘The final volume is greater than initial volume, because, accordi 
Charles’ law, volume increases by increasing Kelvin temperature. 


ES 
A child blows a bubble that has a volume of25 em’ at 10°C. As the 
it comes across the hot air where desig is 30°C. Whatis they 
the bubble, ifthe pressure does not change? 


4.4 Avogadro's Law 
(Amount-Volume Relationship) 


many years, observed a relationship between the volume 
and number of ‘moles of a gas at constant temperature and 
pressure. This relation is known as Avogadro's law. This law 


edeo Avo 
was proposed in 1811 but it was not generally accepted — ^ (1/76 99 
until after 1858, when an Italian chemist, Stanislao Cannizzaro, set up ale 


system of chemistry based on it. The law is approximately valid for real 
sufficiently low pressures and high temperatures, | 


Avogadro's law can be stated in three way 
i) Equal volumes of different gases contain equal numbers of molecule 


perature and pressure, 


same 
One dm’ of hydrogen gas contain the same numberof moles (or ole 
one dm’ of helium, nitrogen, oxygen or any other gas at fixed lere 
pressure. 
(148) 
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j numbers of molecules of different gases occupy equal volumes at the 
il PS perature and pressure. 
mole (602x107 molecules) of hydrogen gas occupies the same volume 
asa one mole of oxygen, argon orany othergas at STP. 


quan 


‘Table 4.2: Molar Volumes of Some Gases at STP. 


may say that, FF 

Yolume occupied by one mole of an ideal gas at STP is called molar 
Itisequal 10 22.414 dm’. It is always constant, 

YNolumes of all ideal gases have equal number of molecules but different 


iz of gas molecules do not affect volume ofthe gas, 
‘slaw can also be stated as: 
ofa gas isitectly proportional to number of moles at constant 
ae 


R7 bea opos law, the volume of an ideal gas at a constant 


Mae etre depends on its molar amount. I ihe amount of the gas is 
hi 


wn Volume is doubled; when the amount of the gas is tripled, the 
Pis, ps amount is halved, the volume is halved; when the amount of 


Moa mets zero. 


i A0 temperature and, pressure) 
the number of moles and K is the proportionality constant. 


(4) 
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nec Kn or 


balloon? If yes, then you experience Ayog 
law. With e; dd more gas particles to the inside ud 
balloon, increasing its v 
greater its volume would be, 
trapped gas. Ifa hole is pok 
amount of gasand the volume. 
For two samples of gas at 
between volumes and numbers o 


because the vol 


dn the balloon, the gas escapes, decreasing 


me temperature and pressure, the 


the san 
resented as: 


f moles can be rep! 


WV LK 
mo 


Where, Vand n, are the ial volume and number of moles of the gasan 


and n,are the final volume and number of moles 


In calculations, we use Avogadro's law in a manner similar to the ote 


Nilfogen peroxide gas contains 0.1 moles in 2.24 dim balloon 
moles of this gas are present when the volume of gas becomes 
temperature and pressure? 

Solution: 


m = 0.1 mol, V, 7224 dm? 
m=? V7 11.2dm? 
According to Avogadro'slaw, 


REA 
EE" 


Oo m 


4d: 
ronstánt. temperature and pressure 10 moles of ammonia. gas occupies a 


volume in a closed container with a moveable piston. What will be 
new volume of the gas when 2.5 moles of gasis removed from the container? 


{5 Ideal Gas Equation 

Meal gas equation is a relationship between pressure, volume,temperature 
‘numberof moles (amount) ofa gas without assuming that any.oP he parameters 
Konstant x 
(ŠI Derivation of Ideal Gas Equation 

{deal gas equation is derived by combining Boyle's law, Charles law and 
‘iogudro's law, 

According to Boyle's law: 

1 


val (atconstantn and?) ...(i) 
According toCharlestaw: — 
VaT (atconsisnt mand P)... i) 
According to Avogadro's Ja, 

ET -(atvonstant Tand P) ..... (ii) 
Aycombining t “above three equations, we have 
Well cv 


. BO 
Fhsctinindcate thatthe volume ofa gasis directly proportions othe 
ig OS OF gas and to the temperature of the gas, but is inversely 

" "othe pressure of the gas. We can replace the proportionality sign with 

"by incorporating R, 
Vopat 

P 
"aanging the above equation we get, 
(49) 
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Where P is pressure, V is volume, n is number of moles, R ig genen, 
constant and T is temperdture. 

Equation (iv) is called ideal gas equation and R is called general or ya, 
gas constant. This equation is also called general gas equation or perfect py 
The Ideal gas equation can be used to calculate the value of any one Of the 
variables P, V, T, ane n, when the values of the other three variables are given, 

General gas equation can be used to predict what happens when they 
volume, and temperature of a gas sample are all changed at once, We find 
value of pressure times volume divided by the Kelvin temperature is the sang 
the gas sample before and after the change. Hence, for one mole of gas, equatgy) 


can be writtenas, : 
PV = RT or 
A RE 
TOER 


IF P, V and T are changed for a gas from, V, and T, to P., V, andTy 
equation will become: 


BM -R 


Thisisahother form of an ideal gas equation. This equation can beso 
any one of the six variables if the other five are known and is useful ind 
the pressure-volume-temperature relationships of gases. 

"However, each of the quantities in the ideal gas equation must be 


in the units within R. P 
Pressure (P) must be expressed in atmospheres, volume (V) f» 
decimeters cube, amount of gas (n) in moles and temperature (T) in Kel 


FE ETL 


| 2 R 
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i) Ideal gas equation is used to calculate the mass of the gas, if P, V, T and 
polecularmass ofthe gasisknown, 
Snee, p _Massof gastm) 


Molecular mass of gas(M) 
By putting the value of m in PV = nRT, we have 


PV = MAT or 
PVM 


n= ee ee CE 


ij) Ideal gas equation is used to calculate the molecular mass of the gas. 
Byre-arranging the equation (vi), we have 3 


mRT 
M = IRT 
PV 
Since, x = density 
Therefore, 
Ve 
i) deal gas equation can be used to calculate density ofthe gas. 
Byrearanging the equation (vii), we have, 
dM gS 
" «n 
no density oa gas ij iecly proportional to pressure and molar mass but 
denser 


ly proportional to temperature. The higher the molar mass and pressure, the 
aj ie 885 The higher the temperature, the less dense the gas. When we have 
lar 


ar masses-dftwo gases at the same pressure but different temperatures, the 
ertisless dejé than the cooler one. 


ts Constants and its Units 
stion is used to determine the value of R. The value of R for one mole of 
iscalculatedas: 


(8) 


pn 
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V -22414dm 
n =Imol 
T -273.15K | 
R=? 
5 PV 
PV- RT o R-— 
aT 
By putting the values in the equation, we have 
latm » 22. 414dm* 


ga amA 
Imole = 273.15K. S 
= 0.08206atmdm'mol 'K " ess 
If pressure is expressed in Newton per meter square (Nm °) and voli 
cubic meter (m^), then we find that, | 


P = 101325Nm^ 

V = 00224m* 

n = imol 

T = 273.15K 

R= c 
Ta REI 

PV= nRT or AE 

By putting theValues, we have 

Nm? « 0022414m? 


1mole«273.15K 
= 8.31Nm mol! K^! 
[E 


R = 831Jmol'K" 
Since, 

Ical = 4.1843 
Therefore. _ 831 

R 7418 


= 1.986cal mol'K! 
(152) 


po ÁHÀ 
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ident 
icon ideal 
p = lam 


n = b mole 
R = 0.08206 dm atm mol 'K ! 
7315K 


Temi used: 
Py=nkt or v= SED 
Byputingthe values, we have 
Imole * 0.08206dm'atm mol K? 273.15K. 
TU ER E, 
14 dm? < 


V= 


What would be the 


laneof this gas at 29.4 psi and 25°C? 

uon: gi D 

| Standard temperature 
Standard pressure 

| Initial volume of CO gas 

Final volume of CO gas, 


Pha pressure <> 


i e 
adl emperiture =T 
“cordifig'io combined gas law, 


Av, 
WM Py, BM 
TT or Vv, = T, *» 


UD 
Putting the values, 

V ~ Gam(7.25 1) 298K 
VL. DIK 2um 


(53) 
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A sample of H;S gas has a volume of 1.7m’ at a temperature of 
has 3 moles, what will be the pressure of the gas? 


What is the molar mass of 134 grams of a gas at ~73°C? The pressure. 

is 10 atm and its volume is 5 dm’ 

Solution: 
Molar mass = M 


134g 


Mass of gas 
Temperature = -73°C + 273 = 200K 
Pressure P = 10am 

Volume = V = Sdm’ 

Formula used: M = net 

By putting the values, VM 


NT ES din mol K ')Q00K) 


p e. (10atm)(5dm') 
M = Afg mol 


Calculate the density of H,S gas in g/dm’ at 0°C and 960mmHg P'* 


Density of H.S gas 
Temperature T = 0C +273 =273K 

Pressure = 960mmHg / 760mmHg atm! = 1267 
Molar mass of H,S gas = M = 34g mol! 


nun 


iE. 


Whatis the density in g/dm'of butane (C,H) gas at 100°C and. 


pressure? 


46 Deviation of Real 
The gases which obey gas | 
pressures are called ideal or 
strictly are known as 


4.6.1 Graphical Explanation 
Auseful measure of how much a gas deviates fron ideal gas behavior is found in its 
compressibility factor. The compressibility faétót (Z) of a gas is the ratio PV/RT. 
From the ideal gas equation (for one mole ofa gas) we see that for an ideal gas, the 
nio PV/RT =Z = 1 The compressibility füc(or values can be less than or more than 
ne for a real gas. When the pressured increased for real gas, the volume of one 
mole of the gas is decreased becauséof strong intermolecular forces. Asa result of 
his, the value of compressibility füctor (Z) becomes less than one (Z < 1). When the 
messure is further increased (Ee. at very high pressure), the gas molecules are 
rowded closely together and the intermolecular repulsions become operative, and 
Y doubling the pressure annot halve the total volume. As a result, the actual 
olume of a real gasis larger than expected for an ideal gas, and the value of 
ompressibility factor (Z) becomes greater than one (Z > 1). The ratio PV/RT 
proaches 1 only.at very low pressures (4 10 atm.) for real gases. 

The extent of deviation depends on the nature of the gas, temperature and 
ressure under which the behaviour of a real gas is studied. The deviation 

) from ideal behaviour is most significant at high pressures and low 

nperatures, that is, near the conditions under Which the gas liquefies. 


) pressure 
A order to check the ideality of a gas we plot a graph between pressure on X-axis 
Compressibility factor (Z) on y-axis for four real gases and an ideal gas at a 
(55) 
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a Straight line parallel to x-axis is 


obtained. But all real gases (H, He, Nz 


And NH.) has been found to show 
marked deviation from ideal PV | 
behaviour. 

At one atmospheric pressure 
(and room temperature), most gases 
behave nearly like an id 


[I 

i) The molecules are moving so Figure 4.3: It indo om te 

rapidly and are so far apart that the deviation aÑ kases from 
behaviour i leaterat high 


attractions between them are very weak 
ornegligible. 

ii) The space between the molecules. 
is so large that the volume occupied by 
the molecules themselves isg 
insignificant (negligible). 


is due tp ore attractive for 
temperpture 


At high pressure, the gas voliinié decreases and the empty spaces amot 
molecules decrease. As a resulf Of this, the volume of actual gas molecules 
significant (does not remain very small as compared to the volume of 
total volume of the gas) átid hence cannot be neglected. : 

Different gases deviate differently from ideal behaviour. The dev 
real gases from ideal behaviour is higher for polar gases and lower fo 
gases, For gibs such as hydrogen, helium, nitrogen, neon, or oxyde 
from the ideal gas behaviour are less than 0.1 percent at room temperat 
atmosphere pressure. Other gases, such as CO,, SO,, NH. or HO. IV ^ 
intermolecular forces and hence show greater deviation from ideal beh 
ii) Deviation at Low 
As the temperature of gas molecules decreases, the kinetic energy 3" 
gas molecules decreases. As a result ofthis, the number of collisions 
the gas molecules come close to each other, thus forces of attraction 
molecules become effective. Hence at very low temperature, neat 
under which the gas liquefies the gases deviate from eal bebaviout 


(8) 
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4.6.2 Causes for Deviation 
Thedeviation is duc 
i) Theact 


to two faulty assumptions: 


l volume of th s is very small as compared to the 
the container 


ii) There isno force of attraction among yas molecules: 
The postulate (i) is responsible for the deviation at very high 
postulate (i) is responsible forthe deviation at very low temperature 


47 Vander Waal's Equation 
The Dutch physicist Johannes Van der Waals, in 1873, at the 
University of Amsterdam modified the general gas equation 
in order to calculate the volume and pressure of a real gas. 

Me recognized that the ideal-gas equation could be 
corrected by performing the volume correction and pressure: 
correction. He gota Nobel Prize in 1910 forhis work 


D n 
A ‘High Pressure: 
“ame close 
to cach other and a stage comes when it is nak possible to { 
compress it any more. At this stage, they produce force of 


repulsion, because gas molecules have definite volume. The 
actual volume of gas molecules is very Stall but it cannot be 
neglected. Ifthe effective NM molecules per mole 
of a gas is b, then the available (free) volume to gas Em 
molecules is the volume of the container minus the volume 


Effective Volume 'b 
Ca Mimi 
=v, 
bete P willbe proportional to the number 
M Vie = Vab of molecules per unit volume! 
This equation can be written as: colliding with the walls of container 
Ver Vau-nb ss (i) | and also to the number of molecules 
ret = Vigo =D er unit volume dragging them. 


Where, 'n' is the number of moles and 
t'is effective. ct volume of gas. The volume occupied by one mole ofa gas 


' highly compressed state is called effective volume. It is four times of the actual 
"lume ofthe gas molecules 
Mon Un isthe actual volume ofone mole ofa gas. 
(687) 


poc 
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Pressure Correction. 
Consider a molecule in the interior of a gas is attracted by other mole 
Sides and there is no net attraction on the molecule. When such molgey 
With the walls of container, it cannot exert full pressure due to backward 
molecules. So these molecules do not collide with a force with which g 
Collide, Hence tess pressure is exerted on the wall than actual 


Pressure). 
Ba, =P - P " 

or B =P,.+P (i) 

Where, 


^N 
Pyn is observed pressure, P, is ideal gas pressure and PR 


attractions. Mathematically, 


"x My 
Poy V 


Wherc;"a"is proportionality constant, 
By puttiig the value of P' in equation (ii), we have 


PSP, + am (iii) 


vi 


"By putting the value of 


equation (i) and equation (iii) in the 
equation (PV=RT), we have 


2 
(Pops + SPW nb)=nRT 


This is Vander Waals equation where ‘a’ and (pt ate ef 
determined constants called Vander Waal's constants, When i and V 9 


(58) 


— 


pu———9 


MDCAT BY FUTURE DOCTORS (TOUS! 
the van der Waals equation reduces to the ideal gas equation: In: 
T, and n represent the measured values of pressure, volume, i 
numberof moles, respectively, justas in the ideal pas equation, 
The values ofcon ants'a'and'b' for real gases are given inthe table. | 
Table 4.3: Van der Waal's Constants for Some Real Gases ] 


Itis clear from the above table that polir gases have greater values of'a' than 
on-polar gases. This is due to the presence pf strong intermolecular forces in polar 
ases as compared to non-polar gases, C 
8 Dalton's Law of Partial Pressure 
he English scientist John Dalton (1766-1844), in 1803, made 
ôntribution to the study o! 
aes that the total p; À 

‘Sum of the partial prés 
in a systeny three gases A, B, and C are present. The partial pressures of 
‘gases are; SO” 


P, = Partial pressure of gas A 


P, = Partial pressure ofgasB 
P, = Partial Pressure of gas C 
lton's law may be mathematically writtenas: 
be Pi Py p * 
ere, P, 
Theair 


"iS the total pressure of mixture of gases. 
Nebreathe is a mixture of about 78.084% nitrogen, 20.948% oxygen, 


(158) 
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84% argon and, 0.033% carbon dioxide and other 
Bases (Hydrogen, helium, methane, krypton, carbon 
Monoxide, xenon, ozone, ammonia, nitrogen dioxide, pe composite 
Suphur dioxide and water vapours) in trace amounts. Apt change appreci 
Due to the force of gravity, molecules making up the | pressure dee 
atmosphere are most concentrated neat Earth's surface. |The partial 
In dry air, total pressure is the sum of partial pressure of oxygen. in air 1 
Nz, Op, Ar, CO, and other gases. Secrenees ey 
Mathematically, it can be expressed as, 
Paa = Pa EP o EPLE Poo, + Paes 
Suppose the partial pressure of nitrogen, oxygen, argon;crbon dioxide 
other gases in the air is 593 torr, 159.5 tor, 7.14 torr, 0:23 torr, and 019 
respectively. So the total pressure of the gases in the ait willbe: 
Pay = $934 159,547.14 +0.23-+0.13 
Pyy = 760torr 
A partial pressure is the pressure of ar(individual gas in the mixture oft 


‘This law says that the pressure of'a gas remains sume whether gas is aloneor 
with other gases at constant emperatursand pressure 

Put another way, pressure of gas is due to collision of molecules. td 
upon number of molecules or nfoles of a gas present in the mixture. Gi 
number of moles (molecules) ida mixture, greater would be the presse It 

Pon 
» pressure of a vis directly proportional to the number of molesti 
For instance, if we lràye 1000 gascous molecules at 50°C in a container d! 
exert a pressure of 0.latm, then adding another 1000 gaseous moleci 
substance at tlie same temperature to the container Would increase the es 


0.2atm. 
Conceptual Check Point: 


Expressions for Calculation of Partia 
j) From general gas equation 


In a mixture of gases, the partial 


0) 


p——À 


a 
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two gases A are i having partial. 
ip Py respectively. ihe Ber. Ho ARE B are n, and | 


ny. The general gas equation is PV = nRT. Since R, T and V are same for gases A and 
B hence the partial pressures of these gas 


- 
RT 

DELL ee f 

Similarly, > 

B= np (ii) d 

a = Bay : 4 


For a mixture of two gases A and B, the total pressure is give by the 
expression: V 
T 
Pa = R+ R= (ot my) AE 
. 


R 
Prost = tou! 
Toal = Prowl ^ 


Conceptual Check Point: 


By dividing equation (i) by (ii) we get, 
RT 
AS 


cis partial pressure of gas A, n, is number of moles of gas A, ny is total 
e mois of gases and P, is total pressure of gases 


(16!) 


po 
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ii) — From Mole Fraction of Gases f 
articular gas divided by total number of molesg 
presentin the mixture is called mole fraction and is represented by X. therefog 
LAUS j 
Sd XA (n 
By putting the value of'n, /n, in equation (iv) we have, 
P= XP 
Where, X, is mole fraction of gas A. This equation tells us that thep 
ofa gas in a mixture of gases is the product of its mole fraction and the total prs 
of the mixture. You can determine the partial pressure of gas A (P) by mul 
its mole fraction with the total pressure (Pr). 
Similarly 


na + np) 


Where, Xj is mole fraction of gas B. 

For example, the mole fraction of oxygen in air is 0. 
pressure is0.21atm or 159,5 torr at standard temperature and pressure, 
Applications of! Dalton’s Law 
i) Determiningthe pressure of pure and dry gases 
Some gases like Hy, N; and Q; ute collected by downward displacement oft 
Due to evaporation, some Water molecules are mixed with gas and giti 
moist. The partial pressite of such gases can easily be determined by 
equation of Dalton'slaw of partial pressure: 

Pu, = POP iner 

Py, SBi Precio 

Sve partial pressure of water vapours in gases is chidi 


tensionokvapour pressure of water, 


Table 4.4: Vapour Pressure of Water at Various Temperatures 


p 


4 
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of Respiration 


Jl inis due to difference in partial pressure of O, in air (159 torr) and lungs 
18955 oxygen flows from a region of higher partial pressure to a region of 
ih gal pressure. The partial pressure of CO, inside the body is greater than in 
fa goCO, comes out fromthe lungs. ` 


get ighe Altitude 


eee pilot feels uncomfortable where pressure is around 150 torr 
kes than 159 torr (at which we feel comfortable). So pilot uses pressurized 
“ontopof the highest mountain, Mt, Everest, the total atmospheric pressure 
{poi the partial pressure of oxygen is only 57 tor, or about one-third oT - 
‘qu That is why a human cannot survive for long at such a low pressure of 
s Atthatattude, the mountaineers use an oxygen tank and mask, which give 


fires partial pressure of oxygen to the lungs. 

jj DeepSea Divers 

lepral pressure of air (O) increases at the depth below the Surface of water, 
‘nal pressure of oxygen increases five times at the depth of 40 meters. Ordinary 
kannot be used'iBere. So, deep sea 

‘nyn(4%0) called Heliox that contains a lower percentdge of O, than air, Helium 
Flies not dissolve well in blood, and thus it is safer for a diver to inhale this 
Wedelium mixture, At the same time, the oxygen exerts the same pressure that 
{uldtormally at one atmosphere pressure. 


nceptual check point: 


gas molecules are added toa sample of gas 


pom 


Temperature +273 =298K 


Total pressure = P, 
Before going to calculate total pressure, 
We should know about moles of gases, 


_ 18 __ -0250mol 
39 948gmol 

-LLOS0E — = 0,025mol 
20.179gmol 

According to Dalton's lav, 

Pr = (yt MN) wo 

By putting the values, 


Molesof argon = nar 


Molesof neon = ny, 


> " (0.08206atm di’ inol K “!)(298K) 
P, = (0.250 mol + 0.025mol) Ay Sd b 


P, = 135m. AS 


“The total pressure of gases in mmHg can be calculated as, 


Pp = 1345 atm * 760 mmHgairn ! = 10222 mmHg 


FAT 

Practice Exercises C7 

What is the total pressuré of 3.50 grams of oxygen and 9.25 

gases at 9C ? Both. ies are present in 100 mL perfume! 
v A 


4.9 Graham's Law of Diffusion and Effusion 
Diffusion, i§ the spontaneous mixing of gas 
molecules)by random motion where molecular 
collision’ occurs. When a perfume bottle is opened at 
ihe front of a classroom, it takes some time before 
everyone in-the room can smell it, because time is 
required for the perfume molecules to mix with the 
air. Lighter molecules diffuse more quickly than 
heavier ones, so the first molecules you would smell 
from a perfume mixture are the lighter ones. The rate 
of diffusion is the rate of the mixing of gases. 
Fifusion is the escape of gas molecules through a 
(164) 
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Vy onal) Role into vacuum without molecular 
collision. Lighter molecules effuse more quickly 
din heavier ones. The rate of effusion is inversely 
proportional to molar mass of the gas, If we have | 
ry alloons in Which ong has helium and the other 
hus carbon dioxide gas(/A helium filled balloon 
demes rapidly as compared to carbon dioxide | 
filled balloon because the rate of effusion through 
the tiny holes of the balloon is faster for the lighter 
helium atoms than the heavier carbon dioxide "#4" 410) Pasion 


molecul 
Thefates at which both of these processes occur depend on the speeds of gas 


‘molecules; the faster the molecules move, the more rapidly diffusion and effusion 
occur. In 1846, Thomas Graham, a Scottish chemist, studied the rates of diffusion 
and effusion of gases. He recognized that the rate.'of diffusion and 
effusion ofa gas is related to their molar masses or densities 
This relation is known as Graham's Law of diffusion and effusion, which is 
‘stated as, 
"The rate of diffusion or effusion of two-gases is a 
inversely proportional to the square roots of their densities 
Imola masses at constant temperature and pressure”. 
Graham's law is usually used to Compare the rates of 
fusion and effusion of different gases, so the 
Yoporionality constant can be eliminated and an equation a | 
anbe formed by writing the ratio of diffusion and effusion MM antan 


s (1805-1869) 
4s My 
TE 
or 


1 irate of diffusion or effusion of gas 1 r; is rate of diffusion or effusion of 
"is density of gas 1, d, is density of gas 2, M, is Molecular mass of gas 1 and 
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M; is Molecular mass of gas 2. 4 
Gases with low molar masses diffuse (and effuse) more rapidly thang 


with high molar masses. Thus, H; with a molar mass of 2 will diffuse nog 
than ammonia, NH,, witha molar mass of 17. 

"Therate of effusion of molecules froma container depends on three factors; 
i) The cross-sectional area of the hole (the larger the hole, the more likey 
molecules are to pass through the hole); 


ii) The number of molecules per unit volume (the more congested the mok 
e, the more likely they are to come across the hole); and 
i) The average molecular speed (the faster the gas molecules are moving 


more likely the gas molecules are to escape). 


Demonstration of Graham's Law 


| HCI escape from their respective ent 
| they meet several minutes later, The distance 
by HCl gasis 40.5 cm. : 
NH, + HC — 9 NHCl 


GU Figure 4.11: Verification of Graham's Law 
Thé.rátio of velocities (rates) of two gases depends on their P 


traveled by the different gases at the same time, 
‘Thevateof diffusion of NH, _ Distance traveled by NH, _ 59355 
The rate of diffusion of HCI Distance traveled by HCI sn 
This means that the rate of diffusion of i imes g" 
i NI times £ 
HCl gas, because NH, e e IH, gas is 1.46 
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hydrocarbon) diff 
on gast iffuses two times as fast constant. 
ature. Calculate the molar mass of unknown per 


pe 


Mobrmassofunknown gas 
Raeofdiffusionof SO, gas 
Juieofdiffusion of unknown gas 
‘cording to Graham's law, 


Byputting the values, 
2 


Bylaking square on both sides, 


= 16gmol " 


SM = 
carbon atoms and has 


enkovngai meld Seca itas hydrogen and 
olar mass lógmol ". >= 


of Gases 
of gases into liquids is called liquefaction of gases. The conversion 
i and low temperature. 
les of a gas come close ig each othe: 
les increas 
e i nm of being liquefied by 


r and at low 


E 


CP E. 


we 
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ing when it fepe 
temperature is the te 


Below Te, this force is sufficiently strong to hold the molecules together (al 
some appropriate pressure) in a liquid. Above Tey molecular motion bens 
energetic that the molecules can always break away from this attraction Cit 
temperature depends upon size and shape of as molecules and the steng 
intermolecular forces. The pressure required to liquefy the gas at ib gi 
temperature is called critical pressure, lt js denoted by Po. The volume osui 
one mole of a gas at critical temperature and critical pressure is calls 
volume. It is denoted by V, 


Tuble 4.5: Critical Temperature, Pressure and Volume of Some Gases. 
cde -2679 226 a 
Oh -239.9 128 
N -147.1 33.5 
co -138.8 35.0 
Ar -122.2 48.0 
O: -118.8 49.0 
CH. -84 456 
CO; 311 70 
NH, 132.5 TLS » 
icu 133.9 764. = 
EAT 187.1 m) | 
CHORN E ER 
SERERE TC MS: 
(68) 
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The gases can be liquified by Joule-Thomson effect. According to Joule 
pomon effect "When highly compressed pases are suddenly allowed (0 expand, 
falls to such an extent that it 


y price cooling and the temperature of p 
bigesinto liquid state. 

The process is called Joule-Thomson or Joule-Kelvin effect. 

The molecules of the compressed gas are very close to each other and have 

fable attractive forces. When this gas is allowed to expand suddenly through 
the moze of jet, then the molecules move apart from each other. For expansion, 
sone amount of energy is required to break intermolecular forces. This energy is 
iken ftom the gas itself, therefore the temperature of gas falls and. cooling is 
m Tes | 


Lind's Method 

121895, Lind used the principle of Joule-Thomson effect for thedijuefaction of air 
(O,andN,), Lind's Method is used for liquefaction of all gases,except H;(T, 33.3 
Rand He(T, 9 5.3 K) which have critical temperature values very close to absolute 
kev. The apparatus used for this process is: (i) Compressor (ii) Cooler (iii) 
Spansion Chamber (iv) Spiral pipe 


‘Cooler 
a= 


Compressor 


Figure 4.12: Lind's method for liquefaction of sir 

bre iueacion of air, pure dry ir is compressed to about 200 atm by a 
fey 2 Some heat is produced due to compression. This heat is removed by 
hue through water cooled pipe or cooler. Compressed air is then passed 
Feit Pipe having a jet at the end. When the air comes out suddenly from 
FXpansion takes place from 200 atm to latm. In this way, the temperature 


(69) 
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of gas falls and it is cooled. This cooled air goes up and cools the j 
compressed air and then returns to the compressor. This process is repere el 

and again till the air is completely liquefied. ‘slag 


gases are used as a fuel in rocket 
in welding. 


4.11 The Fourth State of Matter: Plasma -~ 
The fourth very high-temperature physical state of maattér which has an ional} 
mixture of ions, electrons and neutral atoms, is call6d plasma state. 

Tt was first identified in a Crooks tube by Britisirlnglish chemist and ps 
William Crooke in 1879 and he called 1lis state a "radiant matier’, The 
"PLASMA" was first applied to ionized gas by Dr. Irving Langmuir (188! 
an American chemist and. physicist, i4929. 

Plasma isoften called thefith state of matter", assuming hati 

and gas are respectively the fst; 4econd and third state. But is shouldbe 

as the first state of matter because it has been known since “Big Bang” i 
than 99% of matter in thewniverse isin the plasma state. 

Formation of Plasma 

Matter on Earths electrons that revolve in orbit around the nucleus it 
There is a force of attraction between electrons and positively ch: 

the electrons stay in orbit around the nucleus, The sufficient energy ^ 
atoms tó overcome these forces of attractions. Plasma comes into oxi 
we add sufficient energy to gas until the atoms lose some oral oftheir? 
Veesul of this, atoms break apart into positive ions and electrons % $ 
even into atomic nuclei and free electrons. This state is known aS PISSE w 
at least partially ionized. The degree of ionization does not have ^ as 
thesize ofthe plasma formationis big enough. Even a partially 0M 
as littleas 1% ofthe particles are ionized can have the characteristic? 1y 
response to magnetic fields and high electrical conductivity) T E 
to change gas into plasma can be of various origins: thermal, e^ 


(170) 
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{ultraviolet light or intense visible light from. laser), 


properties of Plasma Es 

plasmas have their own unique qualities just as solids, liquidsand gasesdo. 

j, Plasma state is overall neutral because it has equal number of electrons and 
itivelons. 

a Plasmas are good conductors of electricity and are affected by magnetic fields 

because they are composed of ions (negatively charged electrons and positively 

churged nuclei). 

i) Plasmas neither have definite shape nor definite volume like gases because the 

particles can move past one another, O` 

9 Plasmas are easily compressible because their particles are far apart from each 

other. 

y). The free electrons ina metal are considered as plasma 


Comparison of Plasma and Gas Phases 

The characteristics of plasmas are significantly differed? from those of ordinary 
neutral gases so that plasmas are considered a distinc fourth state of matter." 
Tidiffers from gases in number of ways: Q- 

i) Plasma is different from a gas, because itis made up of groups of positively 
thd negatively charged particles and afe “strongly influenced by electric and 
Magnetic fields while neutral gases aret 

il) Gases are excellent insulators-due to absence of charged particles while 
Fasmas are good conductors of electricity due to presence of charged particles, 
‘Applications of Plasma > 

Plasmas occur naturally. but also can be easily produced in a laboratory and in 
[tuny Nunes taft rologies make wef pls. 

| They lighicapour offices and homes, make our computers and electronic 
Muipment work. ; 
i . They drive lasers, help clean up the environment, and make tools corrosion- 
Lestat, 
IU. Iris found in fluorescent lamps to produce light. When el 

through a tube containing neon gas at low pressure, the neon atoms absorb 

“TerRy and use it to excite electron from the (filled) second shell to a ble 
‘shell lying much farther from the nucleus. The electron doesn't stay in the far 
forlong, When it comes back from the higher energy empty shells to the proper 


m 


tric current is 


AT. 
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ible light of various 


having other colours use a different gas OF 
krypton, and xenon are also used in some “neon” lie 
en colour, helium glows with pink colour, nire 


argon glows withabluecolour. . HG, L 2 
terilization of food and operation thea 


acteria, viruses, fungi and spores. 
jevices work on the basis of plasma, 
Jy are manufactured usingplis 
lothing, and advanced padag 


can be used forcleaningandsi 

V)  Plasmacan be used to destroy b 

vi) Our computers and electronic di 

Well aware of plasma TV and cell phones whiel 

vii) Most of the synthetic fibers used in cl 

materials are plasma treated. 

viii) It is used in automobile industry in 

made up of plastic. 

ix) Plasma is used for the treatment of exhat 

burns, ulcers and other skin diseases. 

X) Plasma torches are used in industry fout metals. 
Plasma is expected to soon he Widely used in surgery, decontamin à 

sterilization of surfaces and deyices, and air and water streams, as well asi 


treatment of skin diseases. 


painting the\bumpers and olli 


iust gases and also for the trea 


Se ara Succus base banca 
temperature. 
exert pressure, which is the force per unit area. The SI 


aaka boaan 
e's law states that the vol isinve 
á puc E a 


1 
Nite (atconstant temperature) 


(2) 
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Charles law states that the volume ofa sample of gas is directly proportional 
fpitsabsolute temperature at constant pressure. | 
VaT (at constant pressure) 

> Avogadro's law states that the volume of a sample of gas is directly | 
proportional to the number of moles at constant temperature and pressure. 
ven (at constant temperature and pressure) 

|». The general gas equation (PV = nRT) is obtained by combining the laws of 
Boyle, Charles, and Avogadro and relates pressure, volume, temperature, and 
‘umber of moles without assuming that any ofthe parameters is constant; 

> The temperature 0°C and latm pressure is known as standard ES and| 
pressure (STP). 

| e Dalton's law of partial pressures states that the total wel exerted by a 
mixture of non-reacting gases is the sum of the al pressures of the 
components. Ae 
P =P, +P, +P + N 
a 

This law is used to calculate the partial pressufe of gases. 


> The kinetic molecular theory ori model that accounts for ideal gas 
s 


behavior. The behavior of most fases is nearly ideal except at very high 


Pressures and low temperatures; ^ 
Diisin is the mixing of or more gases whereas effusion is the escape o 
- Bis molecules from fainer through a small hole into an empty chamber. 


“The departure ofa el as from ideal gas behavior is called deviation 
gas behavior increase in magnitude as pressure increases 


decreases. 


Cand volume of real gases. 
€s can be liquefied by applying pressure at critical temperature or below it. 
Can't be liquefied above critical temperature. 
lisma is considered as the fourth state of matter. It consists of ions, electrons 
[ttc particles, About 99% ofthe visible universe is ade up plasma. 
m a9 sible universes made tp Of plesina. 


— 
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QL. Fouranswersare given for ea 
i) Matterexists in the number of states 
(2) Two — (bre — (cfour 
ii) TheSlunitofpressure is 


ich question. Select the correct onc: 


(five 


(a) Atmosphere. (b) Pascal 
(c) Newton (a) Tor 
iii) The value of general gas constant, R in SI system íis: 
(a) $31NmK"'mol™ (b)8.31atmdm' mo K^ 
(c) 0.0821 Nm' mol" (d) 0.082 1am dm' mol s 
iv) The instrument that is used to measure the atmogphere pressures 
(a) Thermometer (b) Manometer |. 
| (c) Barometer (d) Voltmeter, 
( Y) When the Kelvin temperature ofa gà f$ doubled, the volume wit H 
(a) Remain same (by be doubled 1 


(c) reducetoonehalf — (d)incrase four times 
vi). When the Kelvin température of the gas is doubled and the 
is reduced to one-half, hgnthe volume of the gas will: 
(a) Remainsame, © (b)bedoubled 
| (c) reducetoor@-fourth (0) increase fourtimes 
B vii) Which one ofthe following gases diffuse more rapidly: 
(9 NA (CH, (c) O; (d) CO, 
viii) ALhe gases can be liquefied by Lind's method except: 


(8) Haand NH, (b) H;andN; 
OQ HandHe (Nmd; 
BY) What is the rate of effusion of an unknown gas of moli P 
comparedtohydrogen gas, Hz? 
(a) Same (b) fivetimes 
(c) l/5times (d) L5times 
x) Themolarvolume of CO, is maximum at: 
(a) STP (5) 127 Cand 1 atm 
(c) 0°Cand2atm (d)273*Cand2atm 
(m) 
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tripled) 
ij) Partial pressure of oxygen in the at one atm is 159 torr. 
(lunas) 
iv) Gases have shape and indefinite volume. 
(definite/indefinite) 
y) Mathematical expression for Boyle's law is 5 
INT) 
wj Plasmaisa — ofelectricity, (conductor/ non-condüctor) 
vii) The hasnorelationship with plasma. (moop/aurora) 
Wi) The number of molecules of hydrogeneand oxygen is 
_ in one dm’ of both gases at same temperature and 
pressure separately. (same/difTerent) 
ix) Charles law established a relationship) between volume and 
— — in 1787. (pressure/temperatire) 
x) Agascan be liquefied by applying pfessure when the temperature is 
its critical temperature. (eGave/bolow) 


abel the following statements as Dic or False 
i) Gases contract on heatin expandoncooling. — 
i) Thecollisions of ideal as molecules are perfectly elastic. 
ii) High temperature [ow pressure make the gases non-ideal. 


M Thevalue of gentel gas constant at STPis 0.08206 atm dny mol de 
») The rate orason varies directly to the square root of its molar 
‘Mass, 


vi) At temperature and pressure one mole each of N, and O, 
ics have same kinetic energy. 2 
Vi) Lighter gases can diffuse more quickly tbanheavierone. — 

Meal gas is the one which docs not obey gas laws strictly at all 
{pions oftemperature and pressure. 
pos der Waal's equation is 

leases, : 
Y "Ilescaleat which boiling point of water is taken is 212°F is known as 
Lo 


Q.19: 


: Explain absolute temperature scale. 


Calculate the numerical value of ideal gas 


Lis barometer? How doe 
Name four elements aid. 
temperature. 1 
Whatare the basic assumptions ofthe kinetic -molecular theory of; 
Whichassumption is incorreetat very high pressures? bo 


graphical representation of this law. 
Describe Charles! law of gases? ‘Give the mathematical expression ofid 


law. 
onthe basis of Chaflas Law, 


What is Avogadro's law of gases? Describe an 


Lions of ideal gas 


Derive ideal gas equation. Describe: s T 
stant R at STP forone 


ofu gas: 4 
(a) When the pressure is in atmosphere and volume isin dm’. 
(b) When the pressure is in Pascal and volume isin m’. 

Define the molar volume, ow will you calculate it? 

What is compressibility fattor? The compressibility factor values 
Jess than or more thafiOne fora real gas. Justify your answer. 


: Describe the dit between an ideal gas and a real gas. Unde? 


conditions dogs real gas behave most like an ideal gas? 


: (a) Why, show non-ideal behaviour at low temperature a 


Eat 

(b) AWfiy helium and hydrogen are ideal whereas ammonia ant 
ide are non-ideal at room temperature and one atmosphere P^ 
Q. 18. Define Van der Waal's equation and derive it for real gasos- 


What is meant by the partial pressure of a gas? Explain Dalton! 
partial pressure and desc, be its important applications. 


. Define mole fraction. Does mole fraction have units? 
- (a) Whatisthe difference between effusion and diffusion: 


(5) Whatare the factorson which the rate of effusion depend? 


: Define and explain Graham's law. of diffusion and effusion ai 


experimentto demonstrate it, 


What is eritieal temperature? What is its Importance {OPliquelaclion 
ses Why a gas can't be Liquefied above its tical temperature? 
sj What is meant by liquefaction of gases? Discuss the Lind's method of 
Ge jquetaction of gases. e examples of liquefied gas in daily use? 
peline plasma and describe some of its Properties. How can you 
difterentiate between plasma and gas? 
Where in the universe are plasmas commonly found? Where can plasmas 
^. arefound on Earth What are the applications ofplasma? 
DI Answer the following questions. — 
a). Why is mercury a more suitable substance to use in a barometerthan 
water? a 
b) artis meant by standard temperature and pressure (s pj 
9) ity the Scientists prefer the Kelvin scale to the Celsi, and to the 
Fahrenheit, scales? 
4) Why hydrogen and oxygen gases move with different velocities at 
tesame temperature although their kinetic energies arc same? 
9 Explain why -273.15°C is he lowest possible temperature 
Why pressure increases a5 a Gas is compressed into a 


1) Why does a helium-flled balloon lose pressure faster than an air- 


filed balloon? 
Weather rubber balloon expands as it 


i Why, 
new 

Explain why the Second story of a double-story building is often 
fn). "ground story during hot summerdays? 
M, B gas itl a Student smell fist, the ammonia, NH, and 
pu E Sulphide, HS? When both are released together across a class 


h 
E 0 ee ef CO & N, the same? 


| gas has stronger 
(0) Which gas Lg NM 
expand vr diae Ny? 
(a) We often experience pain in our 
altitude, why? s 
(r) Would it be easier to drink apple juice with a straw on top of 
Everestorat 
The pressure of helium gas in the neon sign 5 ft 6cmHg. What isi 
pressure of this gasin the neon sign inpsiand mbar? 

 Alwhat pressure would neon gas occupy 2.85 dm. 
atapressure of 2,22 atm? (The temperature joe¥not change). 

: A Freon gas (used in the refrigeration sysiefOs) has a volume of 25 
pressure of 76 mmHg, What is the pressite of this gas when itis 
until is volume is 12 Sdm"? AsSiimie the temperature of gi 
change E 
A sample of gas at 10°C-tnd 760mmHg contains a volume of 845 
What is the volume ofthisgas at43°C and one atmosphere pressure! 
The volume ofabubble is 2.5mL. If its temperature increase’ fl 
70°C, what isif volume? 

: The volumi@eFargon gas at 120°C is 380mL. The gas is heated 04 
ofa Whar Will be the new temperature of gas if the pressit! 

34 that is the effect onthe volume of a gas if you simultaneous! 
O°) Halveits pressure and double its Kelvin temperature? 


b) Halve its pressure and halve its Kelvin temperature? 
c) Double its pressure and double its Kelvin temperature? 

5: The weather balloon is inflated to a volume of 60Sdm’ at STP M 
isheated10 35°C, What would be its volume at 76cmHg? 


A075 moles of hydrogen gas contains a volume of 16.84 


volume of 1.25 moles of iis gas at constant temperature and P 
What isthe volume occupied by2.75 moles gasat STP? 


Qi 


The helium filled balloons are used 19 

relative humidity, and wind velocity in the upper atmosphere: 
balloon is launched at a room temperature (25°C) and f 
volum is 3.5m’ at ground level, What will be its volume ath 
miles where pressure is 40mmHg and temperature i540 C, 


: The volume of laughing gas (N,O) at 480mmHeg and 1007C is! 


gas is cooled to a volume of 300mL at 760mmHg. What is its 
temperature 


: The volume of nitrogen gas in an automobile air bag is 25 litre at-20°C and 


1.50 atm. Calculate the number of moles of nitrogen gas in the air 
A motor cycle tube contains 10.2 grams of gas and has a of 
3«10 mL Calculate the molar mass ofthe gas at 32°C and 506/95 Nmi*. 


J: What is the molar mass of a gas that has a density o'5.75 g/bat STP? 


Whatare the densities of HeatSTP? & 


i: What is the total pressure in a cylinder filled wigs if the pressure of the 


ii A CNG cylinder contains a mixture of metlián: 


oxygen is 250mmHg and the pressure of nitrogépds 510mmHg? 
aE and ethane gases. The total 


pressure of the gases is 6.5 psi. TE ITA pressure of methane gas, 
ifthe partial pressure of ethane gas is@S si? 


psi? 
j; Calculate the partial pessum of 2e Hydrogen, Sg Neon, and 15g 
Krypton at STP. Zi E £ 
Calculate the ratio of. rates of helium and nitrogen gases at same 
73 time’ as swift as at the rate of an unknown gas 


alculate the molar mass of unknown gas and ident 
during the combustion of hydrocarbons like 


Pe amukan What was the molar 
unknown gas? 


5.1 Kinetic Molecular interpretation of Liquids 
52. Intermolecular forces (Van der Wall's forces) 
5.3 Physical properties of Liquids 
54. Energetics of Phase Changes 
5,5 Liquid Crystals. 


| eae 
a " 
Thestudentwill be ableto: Ke 


e Describe simple properties of liquids eg., diffusion, compression, br 
motion of molecules, spaces;Between them, intermolecular forces and 


energy based on kinetic mólscülar theory. (Understanding) i 
Explain applicationsçóf dipole-dipole forces, hydrogen bonding, and k 
? forces. (Applying), 

-a Explain physical properties of liquids such as evaporation, vapor pros Wal 
point, viscosity and surface tension (Understanding) 

concept of hydrogen bonding to explain the following Cae p 


Place tension, high specific heat, low vapour pressure, 
“ff water it 


Min oo and high boiling point. And anomalous behavior © 
density shows maximum at4'C. (Applying) 
A Define molar heat offusionand molar heat of vaporization; (Remembetins) 
Describe how heat of fusion and heat of vaporization affect the particles P 
up matter. (Understanding) t 
Relate energy changes with changes in intermolecular forces. (Applying) 
7. pefine dynamic equilibrium between two physical stats, (Remember 
Describe liquid crystals and give theirusesin daily life. Applying) 
pifferentiate liquid crystals from pure liquids and crystalline solids. 


(80) 
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Introduction fir 
poyouknow, what is liquid? The water you use for drinking, washing, 
and esa solvent, the blood running in the veins and arteries of your bodys th 
you usc for drinking and making tea, the ‘mercury in thermometer which is 
assu the temperature, the petrol and diesel used as motor fuels, the dils used 
engines, gear boxes, in the hydraulic brakes and other hydraulic systems and the 
vegetable oil used for cooking are all liquids. Out of 118 elements only two 
elements (bromine and mercury) are liquid at room temperature and normal 
pressure; There are four more elements which have melting points slightly above 
‘oom temperature, these elements are, gallium, rubidium, cesium and francium. 
Liquids have definite volume but they do not have definite shape, In this chplet we 
focus on the properties of liquids and the forces of attractions that exist b 
them. 


$1 Kinetic Molecular Interpretation of Liquids. 
Thekey points of kinetic molecular theory are given below; 
|) Liquids consistofatoms or molecules. 


Àj The molecules of liquid are so close together-hat there is very little empty 
Spice, For that reason, liquids are much denser'and are much more difficult to 
compress as compared to gases, The spaces between liquid molecules are greater 
ttansolids and smaller than gases. 
ti) Liquids do notshow anappreciablé increase in volume, when they are heated, 
3). The intermolecular forces in Liquids are stronger than gases but weaker than 
‘ads, Because of this, liquids have lower melting and boiling points than solids 
P*dhighermeltin iling points than gases. 
ig and boiling points than g ^» 
The liquid molecules^have high kinetic energy than solids and low rei 
"Ty than gases, Their kinetic energy decreases by decreasing temperature an 
Se by increasing temperature, They are converted into solids by decreasing 
t energy (oh tooling) and are converted into vapours by increasing Kinetic 
lon heating), ; 
liquid molecules are in state of constant motion 
les slip and slide over one another. That are, genu 
^^ the container, Hence, it has no definite shape an 
«Which they are placed. 4 ET fs 
itis diffus dio Se liquids with which they are miscible. The dition 
h^ Movement of liquid molecules. The diffusion in liquids occur slowly 
molecules ofone liquid slowly past the molecules of other liquid. 


(8!) 


that are why their 
able to flow and are 
adopts the shape of 
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lar Forces (Van der Waal's Forces) 
To know the properties of liquid, we have to know the types of attractiy f 
Present in them. There are two types of attractive forces which are associate 
liquid; that is, intramolecular forces and the Intermolecular forces. The fy, 
attraction exist between atoms withi re called intramolag 
forces whereas the forces of attractions exist between molecules of a substance 
call led intermolecular forces. Intramolecular forces are chemical bonds (c 
in 2" chapter). Physical properties of a substance such as boiling point, 
pressure, surface tension, viscosity, heat of vaporization, heat of fusion, hea 
sublimation etc. depend upon intermolecular forces. The stronger i 
intermolecular forces in a substance, the more difficult it is to separate mole. 
The chemical properties, shapes of molecules and bond energies depend upa 
intramolecular forces. Intramolecular forces are much stronger than intermoleale 
forces. 

Consider the example of water, it exists in liquid state at room temper 
and one atmospheric pressure. Water molecule Bas two hydrogen atoms and at 
‘oxygen atom which are linked through strong covalent bonds. It is important ton 
that the conversion of liquid into vapours to overcome intermolecular forces ed 
little energy as compared to decompose thé molecules into their component atom 
to overcome the covalent bonds. Consider the following conversions: 

HO, HO AH- 

HOw m y 2H + Oy 

From the above conversions, it is noted that 40.67kJ/mol energy is 1%% 
to vaporize one mole of liquid water and 934kJ/mole energy is required ft 
dissociation of onémole of gaseous water molecules into hydrogen and 
atoms. Now, itis clear that the intramolecular forces are stronge! 
intermolecular forces because the strong attractive forces need much 
break. 


each molecule 


Forces 


Typiecuarforesesewhbolearusiallyknosm Van der Waals fort 

a j as 

Dutch scientist Johannes Van der Waals (1837-1993) who der’ cope 
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ger pes itermolecular forces that re, 3 
W pipole-dipole interactions, hydrogen bonding and London forces ib 
pipole-dipole Interac 


c ends of one molecule with the negative 


ole interactions or dipole-dipole forces 
These forces are present in polar molecules of the same or a different type. A 


ir molecule is sometimes described as dipole, The diatomic molecules which 
edenens of different electronegativitics like HCI, has an unequal distribution 
diseno density and therefore has partial positive charge at one end and partial 
gave charge at the other end. In HCI molecule, chlorine is more electronegative 
ftyirogen atom. Due to this chlorine gains partial negative chargé Whereas 
dozen gains partial positive charge, When the molecules come close to each 
Bethe positive end of one HCI molecule attracts the negatiye'end of other HCL 
ial called dipole-dipole interaction. || 


sganermoteculeare called dipole 


Covalent bond Dipole-ipdle forces 
(strong) (weak) 


af 


Figure 5.1; Dipole-dipalg-Bérces between HCI Molecules 
Tepulsions can also occur when negative ends or positive ends of two 
[ls come close to eacfrather In liquids, the molecules which are atracting 
| Spend more time near each other than other molecules that are repelling 
ie Theoverglleffeet is a net attraction strong enough to keep the moles 
ey ni "ovi apart to form a gas. Dipole-dipole forces are only about 1-4% 
“Sto a covalent or ionic bonds. These forces are very weak in m 
J^ liquids, The compounds having these forces generally have Nigh 
{bling points, heat of vaporization (AH) and het of lian 
is ad of dipole-dipole forces C ian ae difference 
My, app, "ectronepativity difference. Greater es oh Ane 
ie 'Onded atoms in a molecule, greater will be A bees 

‘Ta substance, the greater will be the strength of dipol 
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acetaldehyde both have same molar masses (44gmol ') but different Strength 
dipole-dipole forces. The boiling point of polar acetaldehyde (20, 85°C) igh 
than that of non-polar propane (-42.15°C). This is because polar molecules | 
Stronger intermolecular attractions than non-polar molecules. The electrons jy 
molecules can form instantaneous dipoles, so all polar molecules also shoy, 
forces, 

Intermolecular forces also have an effect on solubility. As you know, 
dissolves like, the polar molecules dissolve (mix) in polar solvents and 
molecules dissolve in non-polar solvents. The polar molecules are not ditta 
non-polar solvents. Water, for instance, isa polar liquid and can fix with otherpig 
liquids such as ethanol, acetic acid etc. and can't mix with non-polar liquis 
gasoline, oil etc, therefore the oily stains on cloth cannot be washed away wilhvig 


and it can be washed away with gasoline a non-polar solvent. 


5.2.2 Hydrogen Bonding 
The force of attraction between partial“ positive hydrogen atom of a 
molecule and lone pair of highly electronegative atom of another molecule is calil 
hydrogen bonding. | 
These are not real chemical bonds in formal sense, Hydrogen boil 
intermolecular forces that occur between molecules, These forces are special it 
of very strong dipole-dipole forces and are generally much weaker than d 
bonds, Hydrogen bond is about five to ten times stronger than other dipol 
forces. Hydrogen bond is formed between those two same or different Ld 
which have the following characteristics: 
i) One molecule has a hydrogen atom covalently bonded to a small 
electronegative atom suchas fluorine, oxygen, nitrogen and rarely chlorine. 
ii) The other molecule has a small, highly efectronegative atom such a 
oxygen nitrogen and rarely chlorine 


unshielded. This unshielded posit 
of highly electronegative fluor 
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js small in size and can approach a highly electron 
and thus results in an extra strong dipole-dipole attraction. 
anraction between polar molecules is called hydrogen bonding, 
aydrogen bonds depends upon the polarity of the bond and the dist 
molecules. 

The amount of energy 
needed to break hydrogen fi 
bondis 15-40kJmol ^ whereas 
the amount of energy needed 
to break covalent bonds 
beween hydrogen and oxygen CH,CH,— OE ---- d — üf 
moms is 180 -ll00kJmol . T Y 
Hydrogen bonds are shown by Pre. 
owed lines ...) and covalent gius 
bonds are shown by solid lines (—). Some examples of hydrogei bonds are given in 
figure 5.2 2 

Hydrogen bonding acts as a bridge between 19 electronegative atoms. 
Hence, it is also called bridge bonding. Due to Hydrogen bonding, molecules are 
ined with each other in a zigzag manner. 

Applications of Hydrogen Bonding 
togen bonds play an important role-ih-our life. It helps in explaining the 
ofsome substances, 


ic 
de 
if 


bonding affects th jic properties like melting point, boiling 

and heat of vaporization of compounds. The molecules that form hydrogen 
have much higher leat of vaporization, melting and boiling points. For 
Ta the hydrides cof group IVA(14) have low boiling points than group VA(15), 
6) and VILA(L7) hydrides. This is due to lack of hydrogen ‘bonds among 


‘tides ofiess electronegative elements of group IVA. 
ut] IVA. VA. VIA, and VIIA Hydrides 


Boiling Points of G 
m ES 

FIERE SEN 

ESSE 36 | 
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1D „Hydrogen Bonding and Structure of Tee 
ater molecules have tetrahedral ® 
structures. Two lone pairs of electrons on ry 


Oxygen atom occupy two corners of the 
tetrahedron and other two comers are 
Occupied by hydrogen atoms. In the liquid 
state, the water molecules experience 
hydrogen bonds that continually break and » 
reform as the molecules move around and z 2 n Á 
thus, the molecules are associated with w^ v 

each other irregularly. When temperature 
is decreased, the molecules of water arrange themselves if à regular hex 
pattern in such a way that empty spaces are created im the structure of ead 
expands, Hence, ice occupies 10% 

more space and its density 
decreases. The result is that, the ice 
cubes and icebergs float on water. 
Hence, ice is an insulator of heat 
and it prevents the underneath 
water from freezing. 

Therefore, fish and other wus 
aquatic life (animals and plants) "=" 
can survive without being frozen Figure 5.4: Structure of loe 
under this layer of ice in the winter season, Ifice were typical solid, it would 
high density than liquid water. Then the lakes and oceans would freeze fromt 
to top. This would have harmful effects for aquatic life. 

‘Thecexpansion of water upon freezing shows adverse effects bo 
winter nights, it causes water pipes to burst and cracks the radiators © 
prevent this we use. antifreeze in the radiators of car, In cold weather ct! 
up streets and produces potholes in it. The ice formation is also 
splitting of rocks where water leaks through cracks of rocks. 

Biological Significance 4 
H) gical molecules such as proteins and Deoxyribonucleic acid rng 
in biochemistry. The typical structures of proteins and D? 
their functions are due to hydrogen bonding. Proteins 
f amino acids. The long chains of amino acids are coil 
iral, called helix. Helix may either be right handed 0 
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Figure 5.3: Hydrogel Bonding ini 


role: 
required for 
jong chain o! 
other into # $p! 


x handed helix the -NH- groups of one spiral form hydrogen b 
eo of other spiral. On the other hand DNA has 
sis These two long molecular chains (strands) of DNA coiled around 
sq ito held together by hydrogen bonds, Life would be impossible 


pdmgen bond. 


ponents of skin, hair, and muscle and are 


tion of food, and clotting of blood. D) 
‘genetic information from one generation to other, 


Extraordinary High Specific Heat Capacity of Water 
Pesteghydrogen bonding is responsible for the extraordinary high speeific heat 
[its Specific heat is the amount of energy required to raise thetemperatyre of 
rm ala substance by one degree Celsius. Due to high valugsof specific heat, 
i swimming pools, lakes and oceans takes time ij gaining the energy 
fte sun in the daytime to become warm. Once it has warmed up, it does not 
al down rapidly. Because of this Property, water has. an enormous effect on 
fice ‘moderates the temperature at the surfa of earth, If there were no. 
On the surface of earth, the temperature Would shoot up in the daytime and 
fallsteeply at night because the rocks /é much lower specific heat and has. 
LP to gain energy in the daytime from the sun and release that energy at 
"is iter tat absorbs much bat from the sun during the daytime and 


His stored heat at night and Kelps to keep up the temperature of the air of 
Ps such as Karachi and Gwadar 


‘Table 5125 Specific Heats of Some Substances 


in Karach 
which are fi 
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Y) — Solubility of Hydrogen Bonded Molecules 


Compounds which contain hydrogen bonds are soluble in 


ch other Fori 


ethanol and acetic acid are soluble in water due to presence of hydrogen 
whereas methane and benzene are insoluble in water due to absence of, 
bonding. "n 


V) Cleaning Action 

Cleaning action of detergents and soaps is because of hydrogen bonding y. 
Soaps and detergents for washing our bodies, clothes, dishes and so on, They 
of soaps and detergents is polar and the other is non-polar. The polar enisi 
hydrogen bonds with water and are soluble in water. The non-polar end ats) 
and grease that are present atthe surface of dishes and cloths, 


vil) Hydrogen Bonding in Food Materials 

The food materials (carbohydrates) also form hydrogen bond due to presec 
OH groups in their structures. | 
vili) Hydrogen Bondingin Paints and Dyes | 
‘The adhesive properties of paints and dyes ase because of hydrogen bonding} 
stickiness of honey and glycerin is also duéfo hydrogen bonding. 

ix) Surface Tension and Viscosity | 
Water has high surface tension and viscosity as compared to many other liquidi) 
to presence of hydrogen bonding, This is because the presence of hydrogen 
make it more difficult forcmiolecules to escape from the liquid state; all 
energy is required to ovefcome the hydrogen bonds. 


Conceptual Check Point: 


e higher boiling point, H,O or H,S? Why? 
are broken when water boils? 


boiling point of water is higher than that of hydrogen 


5.2.3 London Forces 
The weakest types of intermolecular forces which occur between all auf 
molecules (polar or non-polar) and produced due to temporary dipole * 
London forces; These forces of attraction are also known as Londo! 
forces or instantaneous dipole-induced dipole forces, 

In 1930, Fritz London a German physicist, recognized these wel 
attraction between non-polar molecules and for this reason these force? 
are known as London forces. He found that the non-polar gases c? 
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MDCA ai Condit Temperature, 

WENT non-polar molecules must show 
Wet iar forces that are different from other 
IT gular forces because they originate from motion of 
TES an atom or molecule and produce: am 
[us dipole. These forces are present in halogens, 
(Pes and non-polar molecules such as H.. N; CH 
JAN, SiH, and CCI, and so on. In the absence of 
[29 forces, such substances could not condense to form 


ar solidify to form solids. Condensation of some n 
eesoccursonly at very low temperatures and/orhigh —— (1909 193] 


Letus consider the example of neon to understand how non-polar atomy fud 
ils attract each other, The distribution of electron density in a naipolar 
and molecules like n2on atom is uniform and symmetrical. Wheidtoms of 
ame close to each other, then the electrons of one atom repel thé electrons of 
arn. In this way, symmetry or equality of electronic clofd-is disturbed. 
electronic cloud bends towards one side and nucleysfpositive portion) 
other side, This is called instantaneous dipole. Thisyistantancous dipole 
the electronic cloud of the other nearby atom S6 a dipole is induced 
in second atom. This is called induced dipóte. As a result of this, weak 
are generated, called London forces or London dispersion forces, 

es occurs with other nearby atoms ipd. thus, throughout the sample 
disappear when the electrons.azain become symmetrical around. 


dt Sk 
Figure 5.5: London Forces between Neon 
London Forces 
Pen upon the following factors: 
Sizes M 
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Atomic or Molecular Sizes Keep in mind 


The strength of London forces depend upon 
the size of atoms and molecules. The larger 
atoms and molecules, with greater number of 
electrons and heavy mass, polarize more 
easily as compared to small atoms and 
molecules. We may say that the strength of 
London forces is directly proportional to the 
polarizability of the atom or molecule. For 
example, in VIIA group (Halogens), the 
fluorine and chlorine are gases, bromine is 
liquid, and iodine is solid at room 
temperature and one atmosphere pressure. 
The big difference in the physical states of 
halogens indicates that the polarizability of 
the halogens increases down the group 
because of which the strength of attractive 
forces (London forces) increases down the 
group. The boiling points of both polar and 
non-polar molecules increase when the Sizes 
and molar masses of molecules incréasc. For 
example, the boiling points of halogens and 
noble gases increase from top to bottom in a 
group of periodic table due to increase in 
atomic size and molar másses. 

When the molar masses and 
molecular sizes) of alkanes (saturated 
hydrocarbons) increase, then the 
polarizability increases which results in the 
increaséyof strength of London forces. For 
example, the first four alkanes (from 
methane to butane) are gases due to smaller 
molecular size, the next sixteen alkanes 
(from pentane, C,H, to eicosane, C,,H,.) are 
liquids due to relatively higher molar masses. 
and molecular sizes and the higher alkanes 
(from heneicosane, C,,H,, on ward) are 
solids because of greater molar masses and 
molecularsizes. 
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Table 5.3: hé Boiling Points ofl 
and Noble Gases — 
Molai 


iasstq/mol) | 


ao | 
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1598. 


2538. 
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jer the polarizability of a molecule, stronger would be the Lone 
molecules have strong forces of attractions, For example, three 
Jine molecular formula, C1. boil at different temperatures, 
vi entane boils at 28°C and neo.pentane boilsat9.5°C. 
" 
€ —H 
" 


a NM" 
rre (Boling point =26°C) Isopentane Boiling point = 24°C) 


Figure 5,6: Different structures of Pentane and 
their Boiling Points 
All have the same molecular formula, C.H,, and thus thésame molar mass, 
Mikey differin the arrangement ofthe atoms. Boiling point cticrease as the forces 
ittaction between molecules increase. 
The valence electrons in the c; 
neare closer to the surface of the. 
tons in the carbon-carbon bonds 
inn-pentane and iso-pentane; 


'arbon-carbon Bonds of n-pentane and iso- 
molecules while in neo-pentane the valence 
arc well ifiside the molecule. Hence London 
arc stronger than those in neo-pentane. 


Physical Properties of Liquids 

bits ofliquids depend on the nature and strength ofintermolecular forces; 
uj on we Consider five such properties which are associated with liquids in 
i tonlion, vapour pressure, boiling point, Viscosity and surface tension, 
vs Poration 


examp iquid which i in the beaker. At a given 
le of a liquid which is present in t b Ata 
Bis eel es daria lave sec kinei energies in the 
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SEM aving low kinetic energy move slowly while the 
ving high kinetic energy move faster. If one of the higher speed i- 
approaches the surface, then it may escape and overcome the attract il 

neighboring molecules and leaves the bulk ofthe liquid. This spontanen i 

of liquid molecules into vapours is called evaporation. e 

When we open a bottle of perfume, we detect 

the smell of the perfume when their gaseous molecules 

entered and reached our nose. Here our experience tells | y, 

us that the molecules escape from the liquid surface. o! y wide ME. 

perfume and enter into gaseous state. These gaseous |changes to TN 

Pholecules travelling in the upward direction when they |evapeqdop ia em 


enter and reach our nose, we become aware o! 1 | by whist molecules a 
front the surface ofa 


ofthe perfume. | boiling liquid and ei 
Evaporation is an endothermic process because | yas phase. Evapora 

energy is required to overcome the intermoleciar type of vaporization. 

forces of attraction holding the molecules together i 


ion 


Tris interesting to know that your body #egulates its temperature 


the warm weather or when you éxefcise. During hot summer 
water to the surface ‘of your skin by means of sweat glands. As the water! 'on the: 
iecules from your body il 


Gf your body evaporates, t rerboves high energy mol 
energy molecules are Jefe béhind. In this way the temperature of your body 
‘body becomes pol down. 


f the smell 


occurs at all temperatures. Rate of evaporation inoreassS 
in tempe 


PVAS in temperature and decreases with the decrease 
increasing temperature, the kinetic energy of molecules increases wii 
the rise of rate of evaporation. If you warm the glass of water, it evapo 
because the greater the temperature, the greater is the kinetic ener£Y 


is the evaporation. 


neck Point 
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iquid. 
s on the surface of the lid! 
ion and vice versa, The greater 


Area 
sai is the surface phenomenon. It occur 


m face area, greater will be the evaporation and vi 
caribe ut 

Crea provides a greater chance for molecules to come to the surface of the. 

ari 


Jilaschnes into the gas phase. 


iter in both the cases has the same volume. 


ua 
intermolecular Forces 

pitrentliquids have different rates of evaporation at the same temperature, This is 
de 1o the different nature and strength of intermolecular forces. Stronger the 
molecular forces, lower will be the rate of evaporation and vice versa. For 
anple, Gasoline evaporates more quickly than water. Because the intermolecular 
‘nes between the gasoline molecules are weaker than the intermolecular forces 
ieween water molecules, 


weptual Check Point: 


liquid evaporates more quickly: gasoline o 


{82 Vapour Pressure 
fure exerted by liquid vapóus in 
Dubium with its pure liquid ^4 given 
lures called vapour pressure 
Consider we have a liquid in an evacuated 
Container, Tts vapours are formed because of 
(a eh begins fogether above the surface 
Hogg: esemolecules move freely colliding with. | 
Piani 'he walls of container and also with 
Pn oe Condensation (the conversion of 
init) occurs because a molecule striking the liquid surface becomes 
Iu. ln termolecular forces in the liquid. In the beginning, the traffic is only 
imi ‘ules are moving from the liquid to the empty space and rate of 
or, eater than rate of condensation. By the passage of time, the 
a 55 above the liquid increases as the number of vapours molecule 
iig, Some times, the rate of evaporation and condensation becomes 
‘figure 5.7(c), At this stage, number of molecules leaving liquid 
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f molecules goin back to liquid. Thig 
e, there is no net change in them 


surface is equal to number o! 
equilibrium state. Thus, at this sta 


Liquid. €. 


‘The pressure ofthe vapours ofa substance in equilibrium witht 
iscalledits equilibrium vapour pressure (or just the vapour pressure) Itis 
to note that the value of the vapour pressure of liquid is maximum at eq 
state at a given temperature and that it is constant at constant t 


equilibrium the volume ofthe liquid does not change. 
Mok Inning igure 


dee Moises poing back o liquid 
{© Molecules nthe vapour sate 


Figure: 57- A liquid allowed to evaporate in a closed vessel, 

(a) initially only evaporation occurs, 

(b) condensatiorsbegins but the rate of evaporation is greater than rate ofc 

(c) eme edes is established, now the rate of evaporation is equi 1 $ 
ion 


Equilibrium in which evaporation and condensation are goins °% 
dynamic equilibrium. 

Factors Affecting Vapour Pressure "nm. 
The vapour pressure of à liquid depends on the magnitude of the 
forces present in them and on the temperature, Vapour pressure ^j 
upon amount of liquid. It also does not depend on the surface a8 


an increase in surface area at equilibrium equally affects the rae 
the rate of condensation. ed Luo 
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Forces 


ur pressure is inversely related to intermolecular attrae 
jaxmolecularforees, greater will be the vapour pressure. Fo 

rc of water (18 mmHg) is lower than chloroform (170mmHg). The lower - 
our pressure of water is due to the presence of strong hydrogen bonds which are 


sentin chloroform. Chloroform has weak London forces. In general, the liquids 
vith lage molecular sizes or greater molar mass 


peste due to strong dispersion forces. For o 
jid alkanes (saturated hydrocarbons) dec 
sit The larger the molecular size of a liqui, 
peaterthe dispersion forces are, 


ease with increase in the molecular 
id is, the more polarizable it s;and the 


Temperature AQ 
Npour pressure increases with increase jr temperature. For example, the vapour 
Wssucof water at 25°C is 24 mmHg agitat 100°C its value is 760 mmHg, This is 
‘ease with the rise in tem fe the average kinetic energy of the liquid 
holes increases which is high enough for molecule to escape from the liquid 
bw Jt Pris in the increase-bf the number of vapours, thus the vapour pressure 
iquid increases. 7 
jltfement of Vapour Pressure 
f Ple mercury barometer can be used to measure the vapour pressure of a liquid. 
“© fiui hose vapour pressure isto be determined is place under the 
| tube filled with Hg, with the help of a bent tube or dropper. The liquid 
se dbove mercury column, because most ofthe liquids are less dense than 
bg, itd on reaching above the surface of mercury, a part of liquid will 
k de " The vapours will now push the Hg column downwards. As a result of 
LM “ngth of Hg column decreases. This change in length of mercury level 
‘itil position to its final position is equal to the vapour: Pressure of liquid, 
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LI L2 
Figure 5.8: Measurement of Vapour Pressures of Water and Diethyl Ell 
The vapour pressure of water and diethyl ether at 25°C and 760 mmi 
mm Hgand545mmHgrespectively. — 

‘Vapour pressure of liquids can be measured at various temperatures. 


Table 5.4: Vapour Pressyrgbi Water at Various Temperatures 


5.3.3 Boiling Point 
The temperature at which vapour pressure ofa liquid becomes equal! ^ 
ressure or external pressure is call. " liqui 

PS When liquidis heated, its poe eere increased. A^ 
this, more molecules escape from liquid surface, hence vapour pre 
goes on increasing till it becomes equal to atmospheric press 
pressure. Then the liquid starts boiling. Small bubbles of 
spontaneously below the surface of liquid and they start rising: 
consist of yapourized molecules of the liquid, not of air. TemPe™ 
called boiling point. 
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Table 5.5, Borling Points of Sone Common Liquids at One Atmosphere Pressure 


Carbon tetrachloride | 
Ethyl alcohol 


333 | Ethylene glycol: 
305 | Mercury 
u7_ | [Phenol 

pide | 463 — Wu 


Temperature of a liquid remains constant during boiling, why? When a 
ipid is heated, the average kinetic energy of its molecules inckeased, so the 
patre of the liquid also increased. At boiling, the kinetic erfergy of molecules 
‘the maximum. Now the heat supplied is only used to break the intermolecular 
\nesand convert the liquid into vapours. Any more heat supplied will not increase 
‘clemperature of liquid. In this way, the temperature of the liquid molecules 
‘mains constant, 
histors Affecting the Boiling Point 
(eboilingpoints ofthe liquid are affected by tbe factors given below: 

lar Forces 2 
boiling point ofa pure liquid is directly related to the strength of intermolecular 
"^ The stronger the intermolecular forces, the higher are the 

Points of the liquids and vice versa. For 
Re the boiling point of water (100°C) is 

than ethyl alcohol (78.26°C). This is due to 
bs intermolecular forces among water 

Sas comparegto ethyl alcohol. 
hi (Atmospheric) Pressure p - ~ 
Prag tits depend upon external pressure. It increases with increase in extemal 

i Decreases with decrease in external pressure. For example, the boiling 

Water at one atmosphere (760mmHg) is 100°C. At high altitude, 
100°C. So the boiling point of water at Murree hills where atmospheric 

S2atm pepa d about 98°C and at the top of Mount Everest 
"ier, Pressure is 0.316atm (240mmHg) is about 71°C. On the other 
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peter Pressure is Jess than 760mmHg; hence water boils at temperature 
i 


p] 


hand the boiling point increases when the external pressure increases 


7. D 
boiling point of water at 1.414atm (1074.6mmHg)is 110°C, res 


the! 


n the pressure of 
] the temperature of the 


ur pressure of th 


Applications 


"The change of boiling point of a liquid with external pressure has very ings 
applications in chemistry as well as in our daily life. 

Boiling Point and External Pressure (Pressure Cooker) 
Boiling point ofa liquid increases with increase in external pressure, This prop 
is used in pressure cooker e.g, When a liquid is heated in closed vessel ic rag 
cooker, more and more vapours are gathered over the liquid surface. These apn) 
cannot go out from cooker, hence pressure is developed. It increases with inea 
in temperature, Due to high external pressure; boiling point of a liquid i. ati 
increased. A commercial pressure cookém reaches an intemal temperati 
140°C.An increase in temperature of-only 10°C will cause food to «ail 
approximately half the normal times‘Therefore food cooks more quickly inolt 
Tt saves time and greater energy edsts In the hospitals, the same principle ial 
the sterilization of instrumentts/and laundries in autoclaves where tene 
high enough to destroy bacteria. Autoclave produces steam at 2atm because? 
pressure, temperature of steam is increased and it destroys bacteria at Si" 
temperature and pressure efficiently, 


Concept 


‘Vacuum Distillation (Reduced Pressure Distillation) si 
Distillation at low pressure is called vacuum distillation. Boili les 
decreases with decrease in external pressure, This process is used ^^ 
liquids which decompose at their boiling points. In order to boil 6^, g 
lower temperature, distillation is carried out under reduced pressi y 
boils and decomposes at290*C at 760torr (atm) but on lowering? 

itcan be boiled at 120°C without decomposition. 


resistance liqui 

more slowly it flows, Consider the example of oil 
hich is flowing through a pipeline in the form of 
iyers. Each layer experiences resistance to the 
ow of other layer due to internal friction, The 
nera friction is produced because of cohesive 
force (forces of attraction among liquid molecule) 
thtreduces the rate of flow of oil, 


[Fame shows the internal resistance to flow of a liquid; The velocity of Now of liquid 
‘haterto the sices of tube is less than the velocity of flowin thecenter of tube 


| 

|. Therate of flow of the oil close to the margins of pipeline is not as muchas — 
eriteof flow in the middle of the pipeline. 

Table 5.6: Viscosity ofSonie Common Liquids at 20°C 


> OH 36x10" 
= CH 6.2510" 
40107 
9.6910" 
23300* 
120x10? 
26x10" 

149 


155x107 
10ba0* 
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Factors Affecting Viscosity 
The viscosity of a liquid is related to its intermolecular forces, temper. 


molecularsize and molecular shape 
Intermolecular Forces 
The stronger the intermolecular 
liquid molecules cannot move around 
increases. In general, the liquids with small non-polar molecules such as et 
have relatively low viscosities due to weak intermolecular forces and the liga 
with polar molecules such as ethyl alcohol have higher viscosities due to; 
intermolecular forces. On the other hand, the liquids Which have ability o 
hydrogen bonds have higher viscosities than those which are unable to 
hydrogen bonds, For example, the viscosity of water is higher than methyl 
because of strong hydrogen bonding in water. It is interesting to know thi 
glycerine has higher viscosity than that ofall other liquids. It is more viscous 
water because its molecule has moré sites for making hydrogen bonds as 

to water. Each water molecule has only one -OH group and glycerine 


groups for making hydrogen bonds. 


"Conceptual Check 


forces, the greater the viscosity of liquids 
each other freely so the resistance ig hy 


Tem] 
Viscosity. | ly decreases with increasing temperature and increases Y 


decreasing temperature. Because at high temperature molecules have high 
energy and can eid some of the intermolecular attractive forces 9^ 
‘one another between the layers. For example, the viscosi and coo 
2 re as (heir temperatirorises, le viscosity of honey 
jolecular size 
"The viscosity of a liquid increases by increas -zes or molt 
decreases by decreasing molecular sizes ors nasses, Forest 
is more visoon than petrol, because the larger size molecules (dies?! g 
with higher molar masses are difficult to slip past one another. 
(200) 


PE 


‘Shape «iet 
ST also depends on the shape of molecules. The viscosity ofirregularshaped. 
olelessuch as glycerine is greater than regular shaped molecules such. asether. 


The molecules of viscous liquid become entangled rather than to slip past one 
| aiberasthe molecules of less viscous liquids do. $ 


Measurement of Viscosity 
Jisdificult to measure the absolute value of viscosity; therefore relative visposity 


| 
Visi measured. The relative viscosity is the ratio viscosity ofa iglidto the 


neesiy of water taken as standard. The Ostwald viscometeh?is used to 
misure the viscosity of liquid. It has «* 

|W bulbs, one at each limb. Definite 
| tour of liuid is taken in bulb B and 
lacked from bulb B to mark X. The 
[il is, then, allowed to flow from 
XtoY. The time of flow of liquid 
Med. The viscometer is now 
and the same process is 
With the same amount of ~ 
sect same temperature. The 


e 


viscosity ofthe liquid is 
from equation given 


Figure 5.9: Ostwald's Viscometer 
at, 


vs 
ie 


ud This the viscosity of liquid, n, is the viscosity of water, d, is the 
(20) 


po à 
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density of liquid, d, is the density of water, y the time of flow of ai ay | 
thetime of flow of water. 

The unit of viscosity is poise (1 poise = 100 centipoise) The g 

r square, Nsm” (one Nsm? i 


lug 
E 


m 


viscosity is Newton-second per meter : 
kilogram per meterpersecond, Kem 5 )- 
1poise- 10 Kgm's" 


5,3,5 Surface Tension 


liquid. The molecules present inside the 
surrounded by other molecules and are di 


molecules but they are not drawn = $ ^ 

pard. This inward pull cse C. 06657 Sates TN 

the ame puera eee yan rs 

the liquid surface, the 

require energy to cor the 

interior to the surface ofthe liquid 

to overcome theNintermolecular 

attractive forces directed 

downward, This amount of energy 

which ís required to expand the 

surfed ofa liquid by a unit area is 

called surface tension. ; 
Due to surface tension the water surface behave like a Li 

rubber. A razor blade if kept carefully on the surface of the valere 

floatalthough itis made of steel. 


Factors Affecting the Surface Tension 
The magnitude of the surface tension of the liquid depem 
factors: * 


as up 


(202) 
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pe ids with e a forces have higher surface tension than 
with weak intermo| cular forces. Water, for instance, | has higher surface 
Vin many other liquids such as ethyl alcoho, 
sn andether. This is due to the presence of trong 
bonds in water molecules. Rain drops or the 
te sie ar an apple or kases as ee v Nh ufi 
yterialin shape. In a spherical drop, nearly all spa can sn, wall rrr 
eatmction at the surface is inward, thus the sphere [on water without breaking th 
(isthe kess surface area perunitvolumethananyother Se 
Substances such as soaps and detergents which are used for washiggare 
yn as surfactants. They can be added to water to reduce the surface rersión of 
[mer by the breakage of hydrogen bonds. This increases the interaction ‘of water 
Mi pease and dirt and it becomes easier to remove grease and dust prtcles from 


suface tension of the liquid decreases as the temperati is raised. By raising 
temperature the kinetic energy of liquid molecules increases and hence, the 
‘of intermolecular forces decreases which é&ults in the decrease of surface 


eer method. It is also are 
# Stalagmometer consists of glass bulb 
tubes A and Caen inthe Y 
" poc 
Mer is filled in the dry clean 


P X and then it is 
Sd slowly from mark A to {Weight of Drop 
of drops. The number of drops | 

5 ea AE Figure $.10: Sulagmornctcr. 
is now cleaned and the same 
à With the same volume of the given liquid at same temperature, 

Su. "f bo the water and given liquid are measured by specific gravity 
Sme temperature. Surface tension of the liquid is calculated by the 


Pel 
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Y LE or 
Ye nd. 


ny di 


Where, y, isthe surface tension of the liquid, Y, isthe surfaeing 
water, n, is the number of drops formed with liquid, n, is the number, 
formed with water, d isthe density of liquid, and d, is the density of wateg 


54 Energetics of Phase Changes e | 
The process in which a substance is transformed from one. m 
physical state is called phase change (state change). Phastrliange isane 


physical change. Six possible phase changes. M 
‘Table 5,8:Possible Changes‘ 


F, 


Solid —Ligquid | Melting or fusion << | Ice — > Water 
Solid Gus | Sublimation à 
Liquid——Sotid | Freezing | Waer — >e 
Liguié——>Gas_ | ration Water —— Steam 
SS dias ‘Steam —5 Walt 
[Gud [osiin  — | lodigevapous 


The substances can be chan another by 
cooling them. rode is sbotbel revolved wheal co 
phase. The chafige in energy during physical or chemical change of? 
one atmospbere pressure is called enthalpy change. It isdesoeitri 
represi change. The sign of AH is positive, if energy is 
endofiermic change. The endothermic changes of state ar mel 


aid evaporation. The sign of AH is negative, if heat energy ise 
exothermic chang, Exothermic changes are the reverse of 
S ter En freezing, condensation, and deposition 
5 leat of Fusion, Mi Heat of VaporiZ 
HeatofSublimation Ted 7 


The majority of subs 
heating. 


tanc, orent 
LA soli cs experience two types of P^ f 
Astlidchangestoa liquid atit melting point, anda litt 


(204) 
—M 


poem] 


MDCAT BY FUTURE DOCTORS (TOUSEEF Al 

js boiling point But we also experience, the change of solid into, gas directly such 

bis onyersion of ice into vapours below 0°C, Therefore, we are going to discuss 
Ajay change oF fusion, vaporization and sublimation, 


Heat of Fusion 


The amount of heat required to convert one mole of solid into liquid state at its 
meting point is called molar heat of fusion (or molar enthalpy of fusion). It is 
enstedby AH,,, The molar heat of fusion for ice is 6.02 KJ/mol. 


H,0,, — HOn AH, =6.02kJ/mol 


de Water 


Table 5.9: Molar Heat of Fusion and Melting Point of Some Substances 


|_ Freezing is the reverse of fusiont{melting). The amount of heat released in. 


faa substance equal to the amount of energy required to melt that substance 
{id butthe sign isnegative, C 


| RO, — des AH, =-6.02kJ/mol 


E Of heat required to convert one mole of a liquid into vapours at its 

Lt is called molar heat of vaporization (or molar enthalpy of 

ftn. lis denoted by AH,,,. Molar heat of vaporization of water is 
mol, 


| W c Hoo AH. 40.67k]/mol 
(205) 
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Tabte 5.10; Molar He OÇ, faportzaion. bens 


Condensation is the reverse of vaporization. The. 
condensing a substance is equal to the amount Of heat, 
substance (liquid), but the sign isnegative. 


H,0y)—> HOn 
E Water 


Molar Heat of Sublimation 
‘The amount of heat required to com 
called molar heat of sublimation ( 

AN, Molarheat of sublimation ric 


Pe 


‘The reverse of subli 
in deposition of imation is called deposition, The amount 


Substance solid, bur is equal to the amount of heat requie 
e. 


the sign is negative. 


Solid iodine 
S De mol 
‘tnd vaporization: 


AH E) 


'ar heat of sublimation is equal to the sum ofthe 


The process, Sibin dioxide) and iodine sublime sto 
Used in frost-free re Isused fre piano 
increasing the 'Berators to 


Ciena 


MBCAT BY FUTURE DOCTORS (TO! 

nergy Change and Intermolecular Forces) 
Te substance that generally have stronger intermolecular attractive f 

amount of energy to change their physical states from solid (o liquid OF 
fid to vapours. For example, the liquids having hydrogen bonds among their 
goles such as water, ethylene glycol. and ethyl alcohol have high values of 
pass of vaporization. These liquids have stronger intermolecular attractive forces 
tence need high amount of energy to separate their molecules from each other 

Heats of vaporization are generally much higher than heats of fusion. For 
fuion to move around the particles freely) of a substance less amount of energy is 
provided because the small change occurs in the intermolecular distances during the 
meling process. On the other hand, large amount of heat is required for liquido 
ire the intermolecular attractive forces completely to separate their radfetules 


fiomeach other during vaporization, QW 


543 ChangeofState and Dynamic Equilibrium — 4" 

The process of conversion of liquid to vapours is called evajoration while the 
reverse process (conversion of vapours to liquid) is called condensation. The 
sition in which a forward process (evaporatiop Wd a reverse process 
(condensation) are occurring simultaneously and at the seme rate is called dynamic 
Sulbrium, Dynamic equilibrium is establis een liquid and vapours in a 
cd container. For a dynamic equilibrium. occur, the rates of two opposing 
Stange must be equal so that no net changesoccurs in the volume or amount of 
Is (liquid or vapours) of the because the two opposite processes 


(ilerblance each other. The e dynamic equilibrium is not limited to 


on and condensation. ; You will encounter it, in many of the 
Ánchemistry. t indi ie equality in rate between two opposing process 
‘YY type (i.e, for all he reversible chemical reactions and all the physical 
Mal For exampledge exists in dynamic equilibrium with water when the 
(rires kept, tat 0°C. 
pe 


ly 1, aO Jo gc Water 
iy Dd Crystals 


Fra ef Description 

| pedi E ic li in which substances have 
ale state een solids and liquids in which sul ss hav 

Move Mene bat freedom of motion like liquids is called 


| Solid s= Liquid Crystals = Liquid 


“talline solid have specific melting points. The temperature o solids 
qu) 


paupere 
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Temains constant at melting point until all the solid melts. However thera, 
Solids which change into turbid liquid before changing into clear figu m 
turbid liquids have the properties of solids such as optical activity and tao 
Such as fluidity, viscosity, and surface tension and are called liquid oan 
i 
ain 


crystalline may be isotropic or anisotropic while liquid crystals are 
isotropic, 
Liquid crystals were first discovered by an Austrian Botanist ang 
Frederick Reinitzer (1857 - 1927) in 1888, He was studying an organic cone 
cholesteryl benzoate. He found that this compound has an interesting and yp 
Property, This solid compound 
melts at 145.5°C and is transformed 
into viscous milky liquid and 
‘becomes a clear liquid at 178.5°C. 
By cooling, the reverse process 
occurs, the clear liquid first chan, 
to viscous milky liquid at 178.5°C 
and then solidifies at 145.5*C. He Dauid State 
concluded that he had discovered a Figyve'5.11; The liquid and liquid crystalli 
new state of matter that has a place of cholesteryl benzoate 
between the crystalline solid and liquid states: the liquid crystalline state, 


5.5.2 Applications (uses)of Liquid Crystals 

‘This special kind of material has many applications in our daily life. Li 
are not only used for your Wrist watch and packet caleulator, these mate 
used in the many fields of science and engineering and have been app! 
products in our soeiety. Some uses of liquid crystals are: 
i) They aregused as temperature sensors to detect the faulty co 
microelectronic circuit boards. 

ii) Theyare used in thermometers to measure the body temperature OUT 
jii) They are used to detect blockage of veins, arteries and infected 
tumors. Special liquid crystal devices can be attached to the skin to show! 
temperatures, This is useful because of the physical problems, suchas W 
different temperature than the surrounding tissue. 

jv) They areused.asasolventinchromatographic separations. —— 
v) The most common application of liquid crystal technology i* 
displays (LCDs.). They are used in display of electrical devices 9 
wristwatches, clocks, flat-panel televisions, computers, laptop sere? 
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nie devices. The devices, ia whieh, 


gem 


Meare knowns LC Devic 
E 


yc of the liquid crystals are used in hydraulic break due. 
ales 


3s called chemicat 
ethe change in which 
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imposition of a substance does not alter 's called physical chang, 

* Elan and evaporation. oe sy 
Evaporation is the proces 
condensation is the reverse 
liquid). The direct evaporation of sol 
is an endothermic process while cond 


evaporation and condensation both play 
temperature of climates. Evaporation is cooling Poe and occursitagal 


rate in the hot summer days to absorb heat and prevent the 
increase while condensation is the reverse process and it Qecurs at nigh 
prevent further temperature drop. : 

> The pressure exerted by vapours in ] 
a given temperature in a closed system ^ 
evaporating tendency of the liquid- : 

> The temperature at which vapour presa Gf the liquid becomes ey 
‘external pressure or. atmospheric pressure is called boiling point of te 


The temperature at whic re of a liquid becomes equal 
atmosphere pressure is called normal boiling point, 

» Liquids show properties suchas viscosity (the resistance to fl 

of how difficult it is to stretch of 


and surface tension (a meásure 
surface of liquid) tl it depend on the attractive forces among the pat 
thes! 


liquid. The viscosity and surface tension ofa liquid increase as 
intermolecular forces increase and they decrease as temperature incr 
» The mation of a substance from one physical state t6 ano 
rasar g phase change. The changes of tales are the physic 
They are not ‘chemical changes. The matter can be changed 
state to another physical state by cooling, S ingand changia hy 
> Theamount of energy required to vaporize one. mole of the liq! jc 
point is called molar heat of vaporization whereas the energy 
onemole of the solid at its melting point is allcdmolarheatof Ré 
"The intermediate state of substance that displays prope ies o! ? cc 
liquid crystal, Liquid crystals flow likea A 


and à solid is called e 
icles exist in highly. ordered paltemsas ina cryStilleo 


s of conversion of liquid in wa 
‘of vaporization (the conversion Ee wal 
id is known as sublimation, Bray 


jensation is an exothermic proces 
» 1 


roles in moderating 


dynamic equilibrium with its purliggh 


is called vapour pressure. show 
| 


sh the vapour ptt 


low of ali 


[Questions and Problems 


Sg Fouranswersare given foreach question, Scleet the correct one: 
i) Greater the strength of intermolecular forces, greater will be: 


(a) Heatof fusion (b) boiling point 

(c) viscosity (d)all ofthese 

di) Which hydride of group VITA has higher boiling point: 
(a) HF (b)HCI 

() HBr (HI 

iii) Which liquid has weak i 


intermolecular forces 
(b) water 


(à) Gasoil 
(c) ethyl alcohol (d) gasoline. 

iv) The conversion of vapours into liquids called: 
(a) Condensation (b) fusion. 

(©) evaporation (d) sublimation 

Y) Thevapourpressure of waterat 100°C is; 


(a) 260mmHg (b) 760 mmHg. 

(c) 1074mmHg (d) 1489 mmHg 

vi) Theboiling. pointof glycerine at 50 mmHg is; 
(a) 100°C (b) 120°C x 

(e) 240°C (d)360*C 

vii) Food cooks 3 

(a) Karachi 

(t) Murree d] Mt Everest 


Hil) Surfacetension is measured by: 
(9) Stalagmometer | <” (b) thermometer 
(©) viscometer 45^ — (d)manometer 
ix) Viscosity offiquid increases with decrease in: 


f) molecu (b) intermolecular forces 
(9 trie (@atmospheriepresure 
X) Whiclione o the following is more volatile? 


O Waer (b) methyl alcohol 
VO). gasoline (d) diethylether 
j inge blanks with suitable words given iri the brackets: 
jMamolecwritelveforesare ——— atqne tha 
Molecı gi 


ii) ular attractive forces, (less/more) 
Hydrocarbons are insoluble in water due 10 absence 


of 


Internal resistance to fl called 


liquid (fluidity / viscosity) 
iv) Vapour pressure increases 
liquid. (surface area / temperature) 
v) Substances which have both the properties of 

called liquid crystals. (solids vind Hquids/liquids and gases) 
vi) Molar heat of vaporization i$ — than molar bed 


fusion. (lesser/greater) 
Vii). Water is liquid while H;S is gas at room temporais because 


presence of _ in water molecules. (cong 
bonds / hydrogen bonds) N 
viii) Ice occupies 10% “space than watbt:(more/ls) 
ix) The clement _ is found in the liquid state while 
element Soundin the gaseous ate. (chlorine bron) 
x) The surface tension is denoted. dy Greek Teter 
(gamma,y/ etan) 

atementsaxtrue or False. 


Label the following sta s 

i) Liquids and gases both have definite volume, 

i) — Lad thermal expansion for a liquid is generally 
as. 


sity, 


ding, ; 
lecular forces between particles of 3 liquid a 
Cohesive sforces (or cohesion) ‘while the forces Of ad 
between particles of liquid and another surface are call 


forgestor adhesion) 
JS The intermolecular forces and temperature are he M. 
Jar n 


with increase in _ 


less than hil 
as that ol 


uic 
G^ liquid is nearly the same 


verse of the fu "T 
Viscosity, and vapour pressure 2f ^ 


some 8 


Abe the properties of liquid — 
pescribe t ‘hs on the basis of kinetle molecular theory 
E moleci 
What are intramolecular and intermolecular attract 
pe city E ar attractive forces? WI 
ramolecular attraetive forces are stronger than intermoleeu dus 
? Name the various types of intermolecular for uo 
rage lecular forces. 
are the intermolecular forces stronger in liquids as compared to 


R 
- Wit are dipole-dipole forces? Explain dipole-dipole force Mis 

Moa Sample, What factors determine eed er 
between molecules? dipole-dipole forsai 
qu Whar is hydrogen bonding? What conditions are necessary fy 

formation of hydrogen bonding? $ 
p. Whatare London dispersion forces? How are they affected by? x8 r. 

(a) Thesizesofatoms or molecul x 

(b) Theshapes of molecules; and 

(à) Thepolarizability ofatoms or molecules. 
[Lt Which one of the Following molecules displays sirgaG drogen bonding 

(HF (b) HCL (OH,O — (d)NHj-  (c)CH,CH,OH 
(li. What type of intermolecular forces must bfsgvercomie when ca 


following liquids are converted to vapoiie 
(d)CCl, ^ (e)bromine 


&)CHjOH (b)petrol — (c) CHI 
[2 Which substance in each of the &lfewing pair has the stronger Londo 


firces? & 
iach ()€0, orCO 


()H,OorH,S S 
01 q or CH. 
joe NS VOCE ord ial ober solias sink in their 


(d 
JJ Why does ice float ap the surface o 
phase? Gi 


Fe Weaker than other intermolecular 


hin why London forces 
Alice force 
i fable forecs and London forces? 


fy its the difference tetween 
Bp he boiling point add heat of vaporization of H:O is big 
Neige aes are neat the same and hydrog 
Pen molecuesiestronger than H,O molecules 
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evaporation. i 

Q:19. Why therateofevaporation of liquid increase by increasing leny 

6.20. The evaperationis the cooling process and occurs at all emperik 

Q.21. Why the wetclothes hanged outdoors dry rapidly on a hot summariigy 

acold winterday? Explain. * 
Q.22. How does perspiration cool the: skin of your body in hot weather] 
Q.23, Earthen ware such as pitcher keep water cool while those made of 
plastic or glass such as jerrycan and glass bottle are unable fk 
cool, why? 

0.24, Whats the equilibrium vapour pressure of the liquid? Discuss 
thataffect vapour pressure, Howisitmeasured? CY 
What is meant by dynamic equilibrium? Explain ingetiveen awo 

Re 


Q25. 


states. R 
Q.26. The change in the surface area ofa liquid dogs Kot cause the chang 
ium vapour pressure of liquid, how 


Q27. bank of lakeafterbath? 
Q28. cient sterilization ins 
Q29. e from liquid state to 


without increasing thet ofthe liquid? 
Q30. Define and explain boiling point of liquid. What are the 
affecting boiling point bf liquid? How does the boiling point of 
lon external 2 
Q.31. The bubbles when water starts boiling, What is 
thebubblesi a 
Q32. Why doestle boiling point of water is much higher than that ofS 
Q.33. Whygthe boiling point of water in pressure cooker is hihi 
saucepan? 
plain why the egg takes a longer ti en 
SURE iniecit secans e aS URP 
Q5. Explain why each liquid has ts own boiling poi 
int? 
0.36. Why the temperature of boiling liguid t 
heatis beingaddedcontincousle? o remains constant evé 
.37, Explain why the steam b 
Q. ee ees at 100°C burns your skin much morë $ 
Q.38. Why the sprinkling of the boiling di 
thespriaklngofbaiing was e eat ether does not bum 
n your skin? Explain. 
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pe 


(jj. Wat is a phase change? Name all Possible changes that can occur among 
ihe vapour liquid, nd solid phases ofasun, Bancs 
t Define the terms molar heat Poriza " of fusion. Give 

^u ie units. Why the molar heat of, Venen is pen ARES 
heatof fusion? 
hich process is exothermic, the fusion oceondensation? 

ij. Why do the droplets appear on the Outside of the glass full of ice cold water 
inthe summer time? 

8. What is the viscosity of a liquid? How does viscosity change with 
increasing temperature? What is the effect of intermolecular Torcaggn the 
viscosity ofliquid? How is it measured experimentally? 

Why does gas oil flow at a higher speed through a pipe when the 
temperature of oil increases? 
x The drivers are suggested to use the lower viscosity mao 

and higher viscosity motor oils in the summer, wh 
i What is the surface tension of the liquid? 

surface of the liquid act differently from 

factors affects the surface tension of 


us 
Atazor blade if kept carefully on face of water can be made to float 
allhoughitis made of steel and is bch denser than water, how? 


Explain why a small drop o; assumes nearly a spherical shape on the 
Surface of waxy bonnet of 


Kinetic Molecular interpretation of Solids 
‘Types of solids 

Properties of Crystalline solids 

Crystal Lattice 

Types of Crystalline Solids 


able to: 


"The students will b 
e Describe simple properties oftSolids e.g., diffusion, compression, KM 
motion of molecules, space between them, intermolecular forces and kineicut 
based on kinetic molecularibebry. (Understanding) 

Differentiate between afrorphous and crystalline solids. (Understanding) 
metrical shape, melting 
rowth, anisotropy. SAM 
and transition tempu 


Describe properties OF crystalline solids like 

cleavage plane&?Wlabit of crystal, crystal 

isomorphisitg-polymorphism, allotropy, 
(Understaniting) 

e Use oxyfeitand sulphurto define allotropes. (Understanding) 

© ExpKN the significance of the unit cell to the shape of the 

example. (Applying) 

Name three types Of packing arrangements and draw or construct m 

(Applying) 

Name three factors ibataffect the shape ofan ionic crystal. (Understand 

Define lattice energy. (Remembering) 3 


ystal "m 


sodes 


à Sum e 
Differentiate between ionic, covalent, molecular and metallic cys" 


(Applying) 
e | Explain the low density and high heat of fusion ofice. (Understanding) | 
«| Defineand explain molecular and metallic solids. (Understanding) 


ud 


p —Àà 


remit 
atter Which has definite 2 
[fwe look around us we will find lot of M EU petri rt 
jan in liquid and gascous state. The clothes we wear. the paper we write, 
m jeweread, the television we watch, the radio we listen, the wold used in | 
Bias used in making water bottles, utensils, water pipes, rain coats, 
toys and purses, the refrigerator used to preserve foods, the cars and buses 
Feiavetin, the trees that bear fruits are all important solids. The solid state ofmater 
yp area of chemistry because it relates to the development of interesting 
materials. In this chapter we will discuss the properties, structures and types of 
oO 


fuiste physical state of 


| Kinetic Molecular Interpretation of Solids 
fe key points of kinetic molecular theory are given below ; 
The particles (atom, ions or molecules) of solids are very lise to cach other 
d hey are tightly packed and more ordered than. inte a are much more 
than gases. For that reason, solids are slightly depspethan liquids and much 
than gases. However, water is an exception to this fule ie. the ice, the solid 


han liquids and are considered as 
and cotk give the impression of 


ressible but they arc actuafig not. They have spaces filled with airs 
‘Pressure, the spaces are, ressed but not the solid matter in the foam, 
Ay e 


lenperatire orpresefe change has avery little influence on the volume of 
i 

ractive pae in solids are much more effective than gases and 
is. solids have lower melting and boiling points tan 
The sold particles have low kinetic energy than liquids and gases. Kinetic 
icireely proportional to the temperature of solids. Their kinetic energy 
'Sby decreasing temperature and increases by increasing temperature All 
are converted into solids if cooled sufficiently 

il particles are locked in place that are why their molecules can't slip 
* Mer one another. They are, therefore, unable to flow (i.e. they are rigid), 
"Cain their shapes and volume without a vessel. Solid particles usually 


am 


promet. 
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fave only vibration: 
Vil). Solids particles do not diffuse 
Occurs but extremely slowly 
‘contact for a several month: 
Versa. This observation is evidence that diffusion de 
slow rate, 


6.2 Types of Solids 
‘There are two types of solids on the basis of arran; 
Crystalline solids. 
ii) Amorphoussolids. 


jo other solids readily. The diffusi 

cad plate and a gold plate are placegi 
atoms of lead will diffuse inta gost 
oes occur in solids bu 1 


igement of particles 


oré-civstals that are fused together. Each particle 
tal. Becaüse of ordered arrangement o 
construct specific an 


Amorphous or Non-crystalline Solids 

The solids which have non-repetitive three dimensional arrangement 
Fie Sled amorphous solids or pseudo solids, The term amorphon 
which means shapeless. These solids do not have the orderly | Di 


ches like that in crystalline solids. The structures of these solid 
the strui i 


6.22 


tures of liquids but their particles do not have 
liquids. The elasticity of rubber and twisting of plastic revi 
amorphous solids do not have fixed positions as in crystal; 
Siructural point of view, the amorphous solids are considered as Ul 

qu) 


p 


quid and soli 
a the liqi 
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do not 
They d 


yall 
jble 6,1: Differenc 
Crystalline Solids 
Juve definite geometrical 


fragments of shattered. 
ilie solids have definite 


They hve regular intermolecular 
woes throughout 


formed due to slow 


iquid. 


nisotropic i.e. they have 
lysical properties such as 
Steal conductivity, in different 


RESI are symmetrical id heir 


along its diis 


Yd ete, 


Amorphous solids are harc 
y have definite melting points. These amorphous solic 
a sent of particles in small regions. Thes 

candpartly amorphous are called 


{ste do not change whieh they are 
el sg c 


JV tnper sulphate (CuSO,), sugar, 


They do not live sharp and distinct 
melting potas 
These Solids are formed due to 
n cooling of liquid 
They are isotropic ice, they have 


same physical properties in different 
directions. 


These solids are not symmetrical 


Examples an 


Glass, Plastic, Rubber, coke etc 


(29) 
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E are used in ornaments and ees: poem 
| Solid, is used as structural material and isan essen ingredient in ourdict, 
‘On the other hand the rubber, an amorphous solid, is used in tires and rubber 
«plastic, an amorphous solid, has many industrial and commercial usos Ark iste 
EAR DVDs, footwear d fuid: containers such as milk of sib 
glass, an amorphous solid, is used 10 make tumbler, mirrors, dishes, eye 
Bee ora Ger boaii, equipment such as beak test (oli rent Iu) 
“Amorphous semiconductors are used in solar cells, laser prie, fat pane teg 


and monitor screens. 


63 Properties of Crystalline Solids 


6.3.1 Symmetry 
The concept of symmetry is very useful in describing the shape of erp 
the symmetry of that Object. A crystal kui 


easily recognize an object if we know 
faces (faces), edges, and the interfacial apples (the angles betwee 
a crystal is rotated along its axis by 36f the faces, angles and eps 


The repetition of fac s, Angles and edges, when a cry 
s is called symfiigtty. Various types of ‘symm 


number o 
faces), Wh 
are repeated consistently. 
rotated by 360° along its axi 
elements are: 

i) Centreofsymmetry 
iii) Axis ofsymmetry 
6.3.2 Geometric Shape £ i 

Ciyattne solids have date geometrical shapes. This is due 10 the oil 
arrangement of their afos, ions or molecules, The orderly arrangement 0 24 
molecules or ions i (dne to strong attractive forces between their pir à | 
interfacial angles dnd distances are same in spite of the method or condi ai 
preparation, van the fragments of finely divided crystalline solid hi? wt 


feometrig shapes that display their internal structure. 


6.3.3; Melting point | 
‘The temperature at which the change from solid to liquid occur 8 a 
melting point of solid. At melting point, the particles of liquid and. solid. P 
rage kinetic energies. Crystalline solids have definite melting poi! M 


oint, the temperature is reached at which the kinetic energies of the P ad 
g i i 


ii) Plane of'symmetry 


e solids are enough to overcome the attractive forces N° il 
id the particles get free of their fixed. bius in the solid. Thee [| 
identified from their definite melting points. On the oÙ wj 
lids have no definite melting points Ee phos? 


(220) 


crystallin 
together an 
solids can be 
amorphous sol 


pl 
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and the particles are not 


pa peir positions. These solids h 

ging their P These solids have the ability o fl 

ja without undergoing abrupt or sharp change from solid to liquid. Hence 

persist regarded as supercooled liquids, j 

434 cleavage Plane 
V aking of bigger crystals into smaller id i 

| tingef e aller identical crystals by 

| Mae cleavage. Crystalline solids are broken down peus 
lissonsorsides) These planes are called cleavage planes Acrystalcanessily be 
poken in one direction cs in any other direction. For example, a mica crystal 
tenis infinite layers of SiO] sheets. The sheets have weak attractive fees and 
easly separated parallel to the layers only. RY 
435 Habit of Crystal 


{stipe in which a crystal usually grows (prepares) s called if t of crystal, For 
sample, NaCl has cubic habit, white tin has tetragonal babik and graphite has 


hagonal abit. 


436 Crystal Growth. C 
tls are usually grown (prepared) by slowaGdoling of liquid or saturated 
‘shtio under certain conditions. Outer appedciiice (shape) of crystals depends 
‘yon the method of preparation and.Cconditions (temperature, pressure, 
‘aetniration) under which itis prepared>For example, NaCl always crystallizes in 
‘te shape, if conditions are not cl / Different crystals of the same substance 

i freres from outside due to different rate of growth 


‘ny sometimes appear to be diff 1 

Aifirent faces but their inieffacial angles are always the same:The change in 

Spevance is because of th impurity in the solution or due to change in 
Forexample, the CI is cubic but in the presence of 10% urea. 

| Wise S 1. Iis called change of habit. 

y 

Roca, depend upon directions. They can vary from 


ical j 
on cl properties of crystals called anisotropic properties and the 
is called anisotropy. A substance which bas this property is called 
he. The physical pr "ich as thermal expansion, electrical 
ipis index are anisotropic properties. For 
jon of heat and electricity, in graphite, 


? F'üphite is. conducti 
V in differe E the conde cts electricity parallel to the plane of 


‘conductor perpendicular to the layers. 
qn 
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«8 isomorphism 

The process in which two or more different elements or compounds exis iney 
erystalline shape is called isomorphism and compounds are known as. isomorhy 
ach other, Theisomorphshave following properties: «t 
i) — They have sameratioofatoms 


ii) Their physic: : different. 


and chemical properties. 
"Table 6.2: Isomorphs and their crystalline forms with atomic ratios 
‘Crystalline Form 


Cubic 


Trigonal 
u | Ontorhombie 
| 
| 


Hexagonal 
Cubi 


Th e TNN.. 


| In table 6.2, NaCl and MgO are two different compounds and have 
shapei.e. cubic shape, hence called isomorphs 


6.3.9 Polymorphism 


The process in which same compoufid’is present in more than one crystalline f 

is called polymorphism and diffetent crystalline forms of same compound 

called polymorphs. The polymorphs have following properties: 

i) They have same chéüncal properties | 

but different physicál-properties, The Table 6.3: Polymorphs and their cyl 

difference in physicàl-properties is due to T 

different structural arrangement of particles t Cryst 

inspace. + Trigonal, 

ii) They belong to same compound. Aoi Onhorbonbi 
Inle 6.3, calcium carbonate, the | Trigonal (cit) 

uo predentin two aysi "ed En coi | Ontorbomble (s 

forms ic. trigonal and orthorhombic forms. | Kno, Trigonal, 

These crystalline forms of same compound ^ | Orthorhombic 

arecalled polymorphs. pe 


6.3.10 Allotropy 

"The process in which an element is present in mo line 

calledallotropy and different forms of the element Dh brio orale! 
(222) 
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properties but different physical | 


e to different ne 
Crystalline 


Allotropes and the - 


stoms: The common 
atom " 


how allotropy arc 
Carbon Diamond (ubic) | 


hat sl 


‘auphut, and OX 

4 em Graphite (hexagonal) 
m i aes 

^ p ite tin (tetragonal) | | 
je! j able 64. carbon has two Rhombic tin (orthorhombic) | 


Rhombic sulphur | 


ine forms (cubic 
Suphur — Monoclinic sulphur 


i ay 


onal), These. differe: M 
jig forms of. the same sic cipere RM | 
e calle Oxy; Dioxygen (0;) >* 
mi (carbon) are called | O2 | Ozone (03) K 


[iors 


‘hanged with the change 


fic. oe icles of a substanc 
'à new polymorph of a 


lante and a new allotrope of an element 
[rond is formed. C 
TBetemperature at which two crystellide forms of same substance exist In 
Fitanvitheach other is called transition temperature 

Av att below this tempesatire only onc crystalline form of a substance 
(0, is 128.5 C, at which both 


ion temperature of KN 
‘ist in equilibrium with each other Above this 
in orthorhombic form and below this 


| 

| 

| a SAN KNO, 
“sbohedial (Orthorhombic) 


The transit 
Sm temperature of sulphure is 
ee exists in monoclinic form and bel 


[M 


95.5°C. Above transition 
low this temperature, it exists 


DU og 
"d k: (Monoclini 


lting point of substance. 


Nontemperatur is always less than me! 
[7] 
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‘Crystal Lattice and the Unit Cell 

The crystals are regular shaped solid particles with fat shiny faces and ha 

dimensional ordered arrangements of particles. The ordered structure ofaen 
described in terms of a crystal lattice. A crystal lattice is a three ding, 

Structure of points that designates the positions of particles a 
molecules, or ions) in a crystal. Crystal lattice pon — 
is also known as space lattice. A crystal lattice 
is not an actual object but it is a structure or 
pattern. The crystal structure depends on the 
nature and the size of the particles that are 
involved. The particles that make up the pattern 
are different in different type of crystals. A 
crystal is made up of atoms, ions or molecules. 
These particles are located at particular 
positions and are represented by points and 
these points are joined together by lines. This 
type of structure is known as crystal lattice 


oni 
6.4.1 Unit Cell ; | 
The smallest part of crystal Jafite showing all the 

ies of crystal pattem isdlled unit cell. The crystal 
lattice is the building block unit cells. The unit cells 
repeat in all directions ië perfectly regular way and build 
up the whole crystal AUnit cell gives complete information m 
abut crystal stricture. It will be easy to know the exact singiel 
arrangement Ofparticles ina whole crystal, if we know its arrangement ina! 


Unit col} definite shape sind definite number of particles. These Pdl 


arranged in three dimensions. 
ofa Unit Cell 
Shape of unit cell depends upon the length of three sides (a, b, and omi 
between these sides (a, land’), In common practice, side 'a' is along 34 

is along y-axisand side'c'is along z-axis. 
The angle “ais between sides 'b' and c', 
Theangle"["is between sides c and'a', 
The angle "yis between sides'a' and 'b', 

(224) 
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‘These six parameters of unit cell are called 
oystallographic elements. Unit cell of CsClis cubic, in which a 
pm 
seven Crystal Systems OR Crystals and their Classifications 
‘Acrystal system can be identified by the dimensions of its unit cell along its three 


anes abe and three angles ct, B. and y. The seven crystal systems are described 
" 


below: 4 

Cubic System 

In cubic system, all the three axes are of equal lengths and 

allangles are of 90° 

a-b-cand a= =y=90° 

‘Fxampleare: NaCl, diamond, iron (Fe), copper (Cu), CsCl 
Cubic unit cells are of three types and they are simple eulbic, body-centered 

subic, or face-centered cubic. They have a total of onegtwo, or four particles, 


EN n 


spectively. Ke A 


Tetragonal System j 
In this system, two axes are of equal lengths and the third 
one is different. It may either be shorter or-larger than the 
othertwo, All theanglesare of 90°. <<)’ 
bbécanda-f-y-9* o% 


bunpleare: SnO», MnO, whitéin (5n) NH,Br 


bic 

lie lengths are idall the angles arc of 90°. 
*bécand a= B 
‘amples. are: _Re8O,.7H,O, ZnSO,.7H,0. KNO; b. 
i 80,0, 280 
onal or Rhombohedral System CUM 
v le lengths are equal but none of the angle is of 90°. 1 
d lebetween 90° and 120°. 
am a= B= ys >90° and <120° 7 

Pleat: NaNO,, KNO,, Bi, AlO; 
bs. E 


pesi 


P -r 
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mal Syste 

Two axes (a "s ae of equal lengths and third (c) is 


different 
ofi E in length, Two angles are of 90° but third angle is 


prm a= B= 90°, y=120° 

‘amples are: ZnO, CdS, graphite 

Monoclinic System 

Allthe lengths are unequal, Two angles of 90’ and third one 
is greater than 90°, 

a*bzcand a= f= 90’, y=>90° 

Examples are: Ci H,O,,. NajCO,.10H,0, Na,B,O}- 
10H,0 

Triclinic System 

All the lengths and angles are unequal. 

as bscandos Bey 90" 

Examples are: CuSO, 5H,0.K,6507 11,0, 
(Boricacid) n 
Theunitcellso 


ffthe sevi different erystal systems ure summarizedin bie 
© Table 6.5: Seven C 


aS, CaCO; (ange 
rhombic sulphur.) soli 
Sugar, borax, 
‘monoclinic sulphi 


ci, 


= pay eoo 
= B= 90°, 7490" 


= =B= 90", 


m= B=ye90° 


=a Bayas 
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The 


structure of sodium chloride, is one of the most common ionic crystal lattice. It 
has tered cubic arrangement in the octahedral structure. In the structure, 
each sodium ion, Na’ is surrounded by six chloride ions, CT, and each CI ion is 
surrounded by six Na’ ions. Hence, the coordination number of each ion is 6. The 
distance between two adjacent ions of different kinds is 2,815A° 
Chloride ion is bigger in size than sodium ion, The larger chloride ions 
occupy corners and faces of an octahedron whereas, the smaller sodium ions fitinto 
the cavities (holes) between the adjacent anions. The unit cell of NaCl is repeated in 
the several directions where we can sce six chloride ions around some of the other 
sodium ions. » 


Figure 6.3: Representation of the unit cell of NaC! 

The formula of an ionic compound is derived from the unit cell structure. 

The formula of NaCl is obtained by-epuinting the number of sodium ions and 

chloride ions present in its unit cell. There are eight chloride ions at each corner of 

‘the unit cell. Each CI ion is shared among eight unit cells, hence each contributes 

‘one eighth of CI ion to the unitell. There are six chloride ions in the center of each 

face, Fach CT ion is shared átmong two unit cells, so each contributes one half of Cl 
jonto the unitcell. The total number of CI ions within the unitcelliscalculated as: 


FCR Pad =1 Cl 
g C! Per cotter 8 comers = 1 CI 


1 
sar 23 
ra 3ci 


Total number of CT ions in a unit cell = 4 CI ions 

There is one complete Na' ion in the center of the unit cell. There are 12 Na 
Athe midpoints of edges of the unit cell, Each No’ is shared among four unit 
ls, hence, cach contributes one fourth of Na’ ion to the unit cell. Thus the total 
ber of Na’ ions within the unit cell iscalculatedas: 
am 
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a Na' peredge * 12 edges 


1 Na” per center » 1 center 
Total number of Na” ions in a unit cell ions 


Thus, the unit cell of NaCI has four Na and four CI. ions, in the rari D 
as required by its chemical formula. 1 


6.4.3 Factors Affecting the Shape of Ionic Crystals 
‘There are three factors that affect the shape of ionie crystals. 
(i) Radius Ratio: 


The shape of an ionic crystal 
ratio of radius of cation to that ofanion. 4 


patie Hacc a RE GF catio 


ius of anion 
‘The effect of radius ratiovin determining the shape of an ioni? 
known as radius ratio effect The range of radius ratio may be expressed is 


radius ratio. at 
Table 6,64Rniting Radius Ratio and Shape of lonic Crystals 


| depends upon th Fadius ratio which is defines 


‘The shape of NaCl is Octahedral and that of CsCl is body cont 
because their radius ratio values are different. 

Forces of Attractions: 

by strong electrostatic forces of pan KO 


ion? 


: sodium chloride, NaCl, These forces 
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Poor Conductivity: 

ystals do not conduct electricity in solid state because their ions are fixed in. 
ions and are unable to move. Hence, the shape of ionic crystals remains as — 
‘They can only conduct electricity when their ions are free to move ie. they 
lectricity when dissolved in water or melted. 1 


positi 
such. 
conduct el 
6444 Lattice Energy 

l ‘Theamount of! ‘heat needed to break one mole of ionic crystal into its gaseous ions is. 


called lattice energy. 
Ithas positive value. It is expressed in kJ mol '. 


Kj * Clg —— KCl AH? — 715 kJ mos 

Tonic crystals are composed of ions. These ions are located at fixed positions. 
A definite amount of energy is needed to remove these ions dm their fixed 
positions, called lattice energy. Itcan also be defined as: « 

"The amount of energy released when gaseous ions sfppposite charges are 
combined to form one mole of crystalline ionic compoupdd Called lattice energy 

It has negative value. A 


JAH” 


E ean Clay +7153 /mol 
“The magnitude of lattice energy depends on ionic size, ionic charge and 
l'umngement of ions in the solid. The lattice energy decreases by increasing the 


sizeof either cation or anion and inces by increasing the ionic charge. 


oy 
{the Shorter the distance among the ions, and the 
onger the attractive fc ng ions. As a result ofthis, the ions come close to 
th otherand their packil me tight. From top to bottom ina group of periodic 
the ionic radius ; hence, the lattice energies of their compounds 


ie) 
| The latice energies for those Table 6 La energies of compounds having 


li i 
lattice energies for those 
fon, br which have same 
‘ut different anions, 


4 ied the increase in the. 


d 
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arger the lattice Tes ii 
energy, the more stable the ionic 75€ 
compound and the more tightly 
held the ions. The solid with 
higher lattice energy has higher 
melting point than one with 
smaller lattice energy. 


Effect of tonic Charge Sedium iodide. : x 
The higher the ionic charges, the greater the force of attraction between oppositsy 
charged ions, so the lattice energy has high value for morc highly charged ions 


TE we compare lithium, 69. Lattice Energies at Compounds hag 
fluoride with magnesium oxide, different Cations or Anions 


then we find that, they have cations 
(the radius of Li is 76 pm and that 
of Mg" is 72 pm) and anions (the 
radius of F is 133 pmand that of” 
is 140 pm) of about equal radii 
But lattice energy of MgQ 
(4050kJmol ') is about four ties greater than that of LiF (10S0kImol ) m 
fourfold increase in the lattice energies of CaO is due to the fourfold increase 
| productof charges on Mi" and O% ions. i 

| The lattice erg is directly proportional to the product of charges fe 
andanionsand favérsely proportional othe sum oftheir radi. 


tice energy (AH) = Share of cation x charge of anion, 


cation radius + anion radius 


65 ‘Types of Crystalline Solids ii 
‘The structure and properties of crystalline solids such as melting poit ^ 
point, hardness, and density depend upon types o particles in the crystal 
of chemical bonding present between their particles. There are 
of crystalline solids on the basis of types of chemical bonding present it ee 
theyareionie solids, covalent solids, metallic solids and molecular solids 
(230 


pM 


| The ions in ionic compounds are held together by stroji attractive forces; 
leche, they are hard and have generally higher melting'and boiling points than 
nitclir compounds. They can also have low volatility The higher the melting 
ia ig E 
‘boiling points the stable the ionic compound. 
|) They are highly brittle. For example, the ionic solids are broken into small 
Fes when we struck them by a hammer, the ions are driven down a layer and the 
s esis come next to each other abd because of this the same charge ions 
‘lech other that split the solid. 
1 They have definite geometric Shapes; and have high density due to close 
Tolo. S 
Py do not conduet electricity in solid state because their ions are fixed in 
P» 5s are unable to füove. When they are melted or dissolved in water, the 
Hy oad move freely through the solution or liquid, hence the liquid or the 
i ieee city readily. 
ya equéhily soluble in polar solvents like water. The ions of ionic solids 
ts gue other when dissolved in water and are surrounded by water 
ha ten T ionic compounds are not dissolved in water, because the attractive 
à is ie e d and water molecules are not enough to overcome the 
Lea ions. 5 
Jh lor theprocess of isomorphism and polymorphism- 
Mage ner they d à 
fiy, Mula mass but no molecular mass, because they do not exist in 


(3) 
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are brittle but not malleable, why? 


6.5.2 Covalent Solids 
The solids in which atoms are held together by covalent bonds are called Oval 
Solids. Examples include diamond, graphite, quartz (SiO; found in some indy 
Sand) and Silicon carbide (SIC, a common abrasive used in sand paper), 
Covalentsolids are of two types. 

i) When covalent bonds give huge molecule like diamond, SiC, AINete 

fi) When atoms combine to give separate layers of atoms like Graph 
Cadmium iodide (Cdl.), Boron nitride (BN) ete. 


i) Theyare usually very hard and have very high me(tiag and boiling points duety 
strong attractive forces between covalently bonded atoms. 
ii) _ They are insoluble in polar solvents like water, 

iii) They are poor conductors of heat and electricity in either the solid or liq 
state. This is due to absence of ions but some of them, such as silicon, are sem 
conductors. i 
iv) Their chemical reactions are very slow. 


6.5.3 Metallic Solids 
The solids in which'atoms are held together by metallic bonds are called 
solids, Exampl lude copper, silver, gold, iron ete, 
Many theories have been proposed to expl 

will discussohly the electron gas theory 
Electron Gas Theory 

‘According to this theory, the valence electrons in 
metals are free to move from one part of the crystal 
to the other, These free electrons do not belong to 

icular atom. 

REM Ns (rons. produce negative 
atmosphere (sea) around metal positive ions. This 
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Figure 6.4: Electron 
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aamosphere of electrons is called Electron Sea or pool or gas. The force of attraction 
whieh holds metal positive ions and Electron Sea together is called metallic bond 
Thistheory explains the following Properties of metallic solids. 


Properties of Metallic Solids 


They ate good conductors of heat and electricity because electrons are free to 
moveandcarry Kinetic energy through the sol 
ii) Most of the metallic solids have lustrous (shining) surface. This is because 
when light falls on the surface of metals. The electrons are jumped from lower 
nergy level to higher energy level. When the electrons come back from higher 
energy level to lower energy level, they emit energy in the form of lightat the 
fequency similar to the absorbed frequency. This reflected light is responsible for 
he lustrous surfaces of metals. M 
B) Metallic solids have variable melting points. Some metals havglow and the 
pers have very high melting and boiling points. For example; snercury (mp — 
D.72'C), gallium (mp = 29.93°C) and francium (mp = 27.0065 have quite low 
ling points and on the other hand chromium (mp = 1877-00°C), molybdenum, 
p= 2617.00°C), and tungsten (mp = 3427.00°C) have Guile high melting points. 
sis because the charge density of mercury, gallium, and francium is low and they 
weakly attracted to the electron sea and theccharge density of chromium, 
Hyodenum, and tungsten is high and they are sitongly attracted to the electron 


| They are malleable and ductile. The ability of a substance to be hammered or 
in thin sheets is called malleabsity while the ability of a substance to be 
in or pulled into thin wires is called di That is why most of the metallic 
Ste easy to form into desired shapes. 
are insoluble in all common solvents. 


lla is a crystalline solid in which metal atoms are closely packed jn a 
Vie netic Tantico), A metal may be regarded as an assembly of positi. 
"ally considered as spheres, which are paced together to fil spate no 
To SPossible. sedi sehe 
feat the close packing of atoms in metal structures, letus co 
Ii Ifa numberof solid spheres (or metallic balls) are pac, Pr 
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Shown in figure 6.6, Ther gement of balls in figure 6.6 is moresque 
n 


closely packed than figure 6.5 


Figure 6.5 Figure to 


Metals have three major types ofcrystal structures 
i) Face centered cubic structure ii) Body centered cubic structure; 
iii) Hexagonal elose packing structure. 
1) Face Centered Cubic (FCC) Strueture 


There arc eight atoms at each corner of the unit 
cell, Each atom is shared by eight uniteélls: Hence each atom contributes onea 


tothe unit cell, There are six atomsinthe center of cach face and each atom shi 
by two unit cells, So each atonyépatributes one half to the unit cell, The totalna 


ofatoms per unit cell is qs + 4x6 =1 3c 4 ) four. A 


‘One half of an do 
Figure 6.7: Face centered cubic structure f j 


Every atom in the crystal is bonded with twelve neighboi gi 
coordination number is 12. In this case 74% ofthe available volume" 
thc spheres. Examples are Ag, Au, Ca, Co, Cu, and NI. 


Body Centered Cubic (BCC) Structures 36 
In body centered-cubie structures, there is one eighth of an atom at 
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two. 


One-cighth ofan atom 


Figure 6.8: Body centered cubic 


Thecoordination number is 8. In this case only 689 
iapiedby the spheres. Examples are Li, Naand K. 


& 
Hexagonal Close Packing Structure (acp 8 
{ews consider, the atoms of metals are arranged in the fogn of layers. In HCP, the. 
initntom layers have seven atoms where six tomsárrnge themselves in the 
fipcofa hexagon and a seventh atom sit in the midgi@of the hexagon. The atoms. 
{he top layer (third layer) are exactly above she bottom layer (first layer), The 
Md layer has three Spherical atoms. The spherical atoms of the fourth layer are 
‘i)abovethe middle (second) layerand goon. 


Figure 6.9: Hexagonal close packing structure 


4 i vi Wwe 
Ping efficiency is 74%. Every atom is bonded with twel 

; WS coordi atc 12. Forexample, Ba, Ca, Mg and Zn are 
"Sine 
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6.5.4 Molecular Solids 


lè Solids in which atoms or molecules are held together by intermoleeuly 
are called molecular solids. E 


solid NH,, solid SOs, ev, solid CO, (dry ice), 
cularsolids. 


i) The molecular solids which have dipole-dipole forces mf hydrogen b 
between their molecules are called polar molecular solids: Examples ofsug 
are ice, sugar, solid HF etc 

i) The molecular solids in which molecules/Wfe held together by 
dispersion forces only are called non-polar mólécular solids. Exampl 
solids are Ll, S, P. solid CO, (dry.dée) the solids of group 
elements such as neon ete 

i) They are soft and can beréoñpressed easily. This is due to weak 
attractions among the molecüles. 1 
ii) They have low to uiodérately low melting and boiling points, Most 
molecular solids meltbelow 200°C. They have low heat of fusion, 
iii) They are volatile in nature and hence, have relatively high vapour pref? 
iv) They axeiporeonductorsof electricity and are not malleable, 
v) They have low densities. 

vi) Polar molecular crystals are soluble in polar solvents and 
cular crystals are soluble in non-polarsolvents. 


moli 


Structure of Ice Crystals 
"The familiar example of molecular solids is ice, The structure of 
of diamond. The ice has regular hexagonal rings in which water molecules 
together by hydrogen bonds. The water molecules in the structure 9 
themselves in a regular manner in such a way that empty spaces i 
Hence, ice occupies. 10% more space than liquid water and its densi! 
"his means that there are ‘fewer molecules, and hence leS 
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plume of sc rf i ume or 

sully tiaba oF fusion dus to presence of strong hydrogen bonding amangits 
“ales. The mount of heat is released in the pre it 

OE liquid water. Because of this cite e os 
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fearing, The heat of 


ammonia 


| of attraction Poor conductor of heat und 63005 


| electricity U 


Very Hard, high mue | Diamond, 
do 


= | point (1200 to 4000" Silica (S10, 
Al poor conductor grt and Silicon, 
| Jictedtidty ^ Ae carbide (SiC) 
| Dipole-dipole Soft, low Jerate Sucrose, ice. 


solid CO; 


forces, meltin; t (2720. 
Hydrogen bonds, ET conductorof | solid 
| fi electricity Benzene 
liable hardness form Gold, iron, 
nom hard. tow w copper, 

: highmeltingpoin(391o sodium cte 
Metallic bond SS | MEC aadeondicior | All metalic 
of heat and electricity. elements 

| malleable and ductile 


p—— 


particles are closely packe 
Tove.-Their particles have to and fro motions 


> Solids are either crystalline or amorphous. Crystalline solids have sd 
‘Arratigement of particles where amorphous solids lack intemal order 


> Unitcell is the basic repeating structural unit of crystal lattioe that displ 
the 


 havealike arrangement of particles E 
> Crystalline solids are classified into seven diffetet types of lnice tf 
Tay diffraction is onc of the most important-methods which sl 
determine the structures of crystalline solids; ^ 
talline solids can be further dividé into four types as ionic, g 
metallic, and molecular solids depending upon the arrangement ofp 


ties of crystal pattern. All of the unit cells jn the crystalline 


.— and forces of attractions ir particles. For example, ionic sol 
hard, covalent solids are molecular solids are soft 
solids have variable . Hardness, melting point, and 


structure of solids. 
whose components are ions that are held 


and potashalum. 


bonds into giant three dimensional arrays such as di 


‘are those whose components are atoms that are ^ ad 


-— 
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> Solid is the physical state of matter and has definite shape and volume 
d and locked at their position and area 


3 


Ql 


and Problems 


Four answers are given foreach question. Select the correct one. 
i) Crystalline: lids are also called ux 
(a) Truesolids (b) pseudo solids 


i) (d 
y a dinis E E EE E 
(a) Sucrose (b) NaCl 
(c) rubber (asic 
ij) Solidismade up of 
(@) Atoms (b) ions : 
(c) molecules (d)all ofthem Y 
i). The process in which same compound is present in matè diem 
crystalline forms is called: e 

Allotropy (b)anisotropy. 

isomorphism (D polymophisgo 

Isomorphs have 

same physical properties (byte Qut properties 

same chemical properties — (d)diffé i ratio of atoms 


Solids that can be drawn into th are called 
Ductile {bpinalleable 
4) brittle OO flexible 
vii) Which one ofthe followtiig has the highest value of lattice energy 
(a) Nal AY (b)NaBr 
(©) NaCl e$ (d)NaF 


vii) Wish oneogghe folowing isa irme 
(b)ice 


(d) sulphur 
system, theangles 
Oe Beye90° 
= B=y=99° 
Whore following is NOT the rope 
'hedefinite melting point 
hc high density 
theextremely low rate of diffusion 
‘hehigh expansion on heating 


The word amorphous 
Cleavage 

iii) Sugar crystallizes in shape. (cubic/monocliy 

in rhombohedral syl 

| 


iv) All the lengths are = 

(equal/unequal) 

v) Crystalline solids have ordered ______dimensi 

arrangement of particles. (one/three) 

vi) The orderly arrangement of particles in crystalline soli 
indifferent direction. (same/different) 


_ solids, the atoms in the latticéjare displaced easily 
respect to each other. (ionic/metallic) ^ 
ix) In solids, the clectrod&járe localized in the 
(metallic/covalent) i 
x) Waxistheexample of. ‘solid. (crystalline/amorphots) 


Label the following statemen True or False: 
i) Solids particles have [ow kinetic energy as compared to liquids. 

Heatis absorbed wheh a liquid is changed to solid. 

) Plastic is the e&ámple of crystalline solid 
iv) Crystalline sblids can be divided into seven crystal systems 
v) Six ters of unitcell are called crystallographic elements 
vi) +h of science in which we study about crystals i59 
crystallography: 
The particles in solids have translational motion. 

‘Transition temperature is for compounds only. 
ix) Atmelting point the solid and liquid phases exist in equilibriu 
x) The molecular solids are good conductors of electricity in te 
state. i 
What are solids? How kinetic molecular theory explains the bel 
solids? 
Define crystalline and amorphous solids. How does a crystal 
differ from an amorphous solid? Give examples of each. 


Gee Expl the follosing 
each case: 
i) Geometrical shape 
iii) Cleavage planes 
V). Crystal growth 
vii) Symmetry 
iX) Polymorphism 


vi) Anisotropy 
viti) Isomorphism 


*) Allotropy 


en (a) isomorphism and polymorphism, 
9 
ean? 


Mhe shape of 
theerystal using NaCl asan example "ora 


r Q 

Qo: Describe various types of crystal systems and drasi shapes of the unit 
cells of various crystal systems? oO 

Qi: Define and explain lattice energy by giving exiles 

(Q2: Give examples of some crystalline and gungrphous solids that are scd in 


iL. yourcommunity, 

Q13: Discuss the electron sea model. H electron sea model accounts for 
the high electrical conductivit A. al conductivity and lustrous surfaces. 
ofmetals? 

3 What are ionic solids? of attractive forces exist among these 
‘Solids? Discuss their ies. What do you think are they water soluble 
Vus < 
What are covaleyfsolids? Discuss their properties. 

What are motif solids? Give the characteristic properties of metallic 
Solids — (Cj 
What argolecularsotide? Give their properties. j 
Explain why ionic solids are generally harder than molecular solidy 
the ceramic bowl breaks and aluminum bowl do not breaks when 
'onto the concrete floor? " 
Tuin the density and high heat of fsion ofice. 


ddisplays each ofthese sets of properties? 


may osol ilis overa wide range of temperature. 
W | enone xciselectricity in the solid state. 
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solid state but are good 


(Do not conduct electri 
solution form and in molten state 
(d) Softand melts easily and 
Outer appearance of both the crystal 
Sucrose (186°C) is many times Tower than sodium chloride ( 
What types of attractive forces are there betw 

(à) covalentsolids 
(b) ionicsolids 
(c) metallic solids 
(d) molecularsolids 
© Classify each of the following su 
non-conductor: 

(a) Germanium 


KAP 


23: 


ances as conducto 
D 


(b)sulphur  c)silver ~a 
Define coordination number. What is the €óórdination num 
atom in face centered cubic structure, bod centered cubic. 
hexagonal close packing structure? 
Q6: Explain the following with reasons, k 

(a) Solidshave very low vapenrpressure than liquids. 
(b) ‘Amorphous solids aretermed as “supet 

(s) Crystalline solids have sharp and distinct mel 
morphous solids dont) 
(d) Cleavage isaifamisotropic property. 
(e) Metillisolids are good conductors of electricity 
(D lonjogysalsareshatered when struck bya ham 


Q.25: 


po 
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a 


Chemical Equation 


Paaie Reactions and D$ amic Equilibrium 

IO Factors Affecting umm (Le-Chatelier's Principle) 
DIUI Applications of Le-Chaelicr's Principle derer p, 
f9 Solubility Product and Precipitation Reactions 

B3 Conon fon Effec 


à a mE SU AIL S. 
Ohotodets will be abl 
? Define chemical equilibrium in terms ofa reversiblereaci(g) (Remembering) 
fM boih forward and reverse reactions. and- déserbe the macroscopic 
Mancleristicsof cach. (Understanding) 
{Šut the necessary conditions for equilibrium ar Yhe ways that equilibrium can be 
Toinized (Understanding) 
[were the microscopic events that (Sr. when a chemical system is in 
ilium (Understanding) 
f itt oquilibnum expression foraifécen chemical reaction. (Understanding) 
pple the equilibrium expressiag)in terms of concentration, partial pressure, 
Fat ofttoles and mole fracti 
e expression for reaction icticnt 
Shige ci! he eQuilibrigartconstant will increase or decrease when temperature is 
| E. Ven the equation for the reaction (Applying) 
Meri P copie Events that account for observed macroscopic changes that 
“during tin equilibrium. (Applying) * x 
liy FIN ¥actants or products are favored in a chemical reaction, given the 
lag stant (Analyzing) 3 
ye. in ets Principle and be able to apply it to systems in equilibrium Es 
Concentration, pressure, temperature, or the addition o 
) 


ns of Le-Chatelier’s Principle using Haber's Process as 


ing ti solubility product (Understanding) 
“Plain common ion effect giving suitable examples. (App! 
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The digestion of food in our body, the rusting of iron, the spoilage of milk an) 
‘other reactions occur in our daily life. A large number of reactions arcana 
different industries which give us a large number of useful products like pad 
fibers, drugs, dyes, soaps and detergents and many other useful podia] 
reactions are reversible while others are irreversible. : 

The reactions which occur only in one direction are called j 
reactions. In these reactions, reactants are completely converted into pi 
products are not reconverted into reactants. These reactions go to completion 
are shown by putting a sing led arrow (——) between the reactii 
products. Examples of such reactions are: SN 
j HO, ieri, 2, +0, A 
fi) AgNO,,,+NaCl., >» AgCl,,+NaNO,,,, 
iii) Burning of fuel 
iv) Digestion of food « 

A chemical reaction which occurs in frward as well as reverse direct} 
called reversible reaction. In these reactions. reactants are converted into pri 
and products are reconveried into reactants. These are slow reactions, D 
reactions never go to completion fsrice called incomplete reactions. The! 
shown by putting the double arro with double barbs (— >), pointing 
directions, between the reactafils and products. The double arrows of equi 
also show equilibrium. Examples of some reversible reactions are: 


i : -- 2H) | 
D Hythe Sear M, | 


Tarte | 


All chemical reactions are considered to be reversil y 
libri ible and they 
of equilibrium under suitable conditions, A reversible chemical 
SEE dn The word equilibrium means “a state in which oP 

= z is nd > corna Gt dynsmis (in constant motion Y 
Finger at rest is the example of static equilibri MT 
Ting sine exampleof dynamicequilibriun and the earth that 
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4i Reversible Reactions and Dynamic Equilibrium = 
| al Concept and Explanation n 

he sate in which the rates of forward and reverse reactions are same and the 

concentrations of the reactants and products remain unchanged with time is called. 
chanical equilibrium. Chemical equilibrium may be physical or chemical 
Fqiltbdim between two phases of the same substance is called physical 
equilibrium because the changes that take place are physical processes. The 
| onversion of water into vapours in a closed container at a given temperature is an 
J wanple of physical equilibrium. The rate of evaporation is higher than rate of 
axdensitionat the start when water vaporizes within a closed container at canstant 
jeperatute, but after some times, the rate of evaporation becomes equal twrate of 
candensition, At this stage liquid and vapours are in the state E dynamic 
tgillirium i.e, the number of molecules leaving the liquid surfaces equal to the 
mber of molecules returning back to the liquid, At equilibgtim the pressure 
mentad by the water molecules at a given temperature renfagns constant and is 
‘alled the equilibrium vapour pressure of water. z 

es _Evaporatkn | < 

Liquid (water) == Vapogi roam 

Chemical equilibrium is adynamic state he&huse reactions continue to occur, 
^ because they occur at the same rate,-to net change is observed on the 
Aroscopic level. O 


__ The study of physical equilibrium gives useful information such as the 
Auilbtium vapour pressure, However, chemists are particularly interested in 
Denial equilibrium processes“be&ause they are involved in many biological, 

“stl, and environmentgl processes. Consider the reversible reaction which 


mw the decomposition of colourless frozen dinitrogen tetraoxide into dark 
Nhi 


nitrogen dioxide? 


When some amount of pure N;O is placed in an evacuated flask at room 
Ms, Some brown colour gas appears which shows the formation of NO, 
The concentration of NO; in the flask increases and the brown colour 
VHOWever the reverse reaction can also starts. As the reaction proceeds, the 
ig Ofteactant (N04) goes on decreasing, so the rate of forward reaction 
creasing. On the other hand, the concentration of product (NO,) goes 
othe rate of reverse reaction also goes on increasing, When the rate 
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© Sf forward reaction becomes equal to rate of reverse reaction the reaction rq 
Slate of chemical equilibrium and the concentrations of reactants mnd py 

I€ Constant. Now the change in colour is stopped. In fact, you ae | 

Change at this stage, although the forward and reverse reactions are going gp 
Continuing forward and reverse reactions make the equilibrium a dynamic pg 
All chemical equilibriums are dynamic. Once the state of chemical equilib 
established, it will last forever if conditions are not changed. 1 

Considera general reaction, in which A reacts with B to produce Candi 


uie T ! 

Let us consider initial concentrations of A and B are equal: The concentra 
Of reactants A and B decreases and that of products C and D inreases when readin 
proceeds in forward direction. He 5 
the rate of forward reac 
decreasing while that of reverse 
reaction goes on increasing and a poi 
is reached at which rate of forward 
reaction becomes equal to rate of © 
reverse reaction. This is called 
equilibrium point, At equilibrium, 

luct and reactant lines are(paraliel, — "78 95 
to each other. The change in Figure 7.1: Concentrator ine Ga 
concentration of reactanf&or products is called rate of reaction. 

The mixture ofeactants and products in the equilibrium state is 
equilibrium mixtuféend the unvarying amounts of reactants and products ares 
equilibrium conéentrations. ; 
Tabie 7.1: The Explanation of the Characteristics of Equilibrium State 


on gocs on 


Teversedirections. 
The reaction has not stopped bul b 
fates are equal (both forward. 

reactions are still aking placeatth 


“Tne macroscopic poperissofasysemare The reaction has not stop E 
constant at equilibrium. rales | (both ien om 
reactionsare stil takingplaceal lé 


Qu 


pr——" 
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E of Equilibrium State 

Se ieeople processes continue The forward and reverse reactions are] 
but nothing appears to be h 

the forward and reverse reactions occur. 


so the equilibrium is attained where bot 
reactants and products can react and recombine 


as 3 | with cach other a 
[The concentrations of products andreactants | There is no change in the concentrations of 
seainconsantat equilibrium reactants or products m a system of dynamic, 


1 equilibrium. They are being produced and 
destroyed at an equal rate. Equilibri snot 
mean that concentrations of gehpbints and 

add —— products are all equal. A 

Equilibrium can be approached fiom either | The same equilibrium mixtures result under 

side the same conditions, regágdíess of whether the. 

| reaction is started, Sli all reactants, all 
products ora mixtepaief both. For example, the 

proportions of Nj Ha, and NH, are the 
same at equilibrium no matter whether the 
reaction js watted with Ha, or whether 
the reali is stated with Nhi, or mixture of 

| oe | 

Ke) 

Catalysts speed up the rate of forward and 


Catalysts do mor affect equilibrium e 
QU reverse nations equally, We ge the sme 
of reactants and products at 


oneenations S 
i S equilibrium, whether the catalyst is present in 
thereaction mixture ornot. 
KA | thereaction = 


HAM INH) | 


Rauilibriums 
of chemical equilibriums: 


Equilibrium 


‘pes of Chemi 


jum in which reactants and products are in same physical state is 
lomogeneous chemical equilibrium. For example, 
NO. 2N0,) 
KOTIH o ——* 3NH,, 


| Equilibrium 
Chemical equilibrium in which reactants and products are in different 
States is called heterogeneous chemical equilibrium. For example 
(241) 
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io x—À A0; 
+ Fe,O,, t 3H 2 


JF 38.0, z 
Gad tawormana on and Expression for Equi brium Consta, 
law of tion was postulated by 
professor of applied mathematics and technology 
to Maximilian Guldberg and sor of S * 


chemistry Peter Waage in 1864 at the university of 


Oslo, Norway. This law states that 
"The rate of reactic directly = 
Proportional to the product of activ 
reactants”, 

By active masses we mean molar 
concentrations of the reacts 


of the 


ts and products for 


dilute solution. It is expressed in moles dm”. ZX M. Guldberg P 


Way 
» — Considera general reversible reaction. (1836-19 (IE 
| Forward 
AOT BO ee C D 
[ 
‘{Meactants) (Products) 


According to law of mass actipizthie rate of forward reaction is id 
proportional to the product of molar cóncentration of reactants A and B. 

R, œ [A][B] or 

R, = K [AJB] 

Where, K, is the rafe constant of forward reaction, Similarly, the wel 
reverse reaction is directly proportional to the product of molar concentration] 


products Cand D. 
R, % [C][b] or 
R, \K ICID] | 
Whiete, K, is the rate constant of reverse reaction. At equilibrium stie] 


forwardtéaction is exactly equal to the rate of reverse reaction 
Rate of forward reactio 


Rate of reverse reaction 


ELE 
or KdAIB) = K{CID] 
K OD 
or K, [AIB] 
(248) 
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w KC [ABI 
Product of mola 


FA ions of products 
* Product of molar concentrations o 


reactants 
Ką iscalled equilibrium constant of the reaction. It is defined as: The ratio of 
oncentrtions of products to the concentrations of reactants at equilibrium is called 
jlibrium constant. It has concentration of products in the numerator and 
Feaxentrtion of reactants in the denominator. In gaseous equilibriums, 
uations of gases are shown by partial pressure and K, is used instead of K,. 
Consider the more general reversible reaction: 
aA+bB =—* «C + dD y 
Where a, b, c and d are the coefficients of balanced chemical gqüation. At 
equilibrium state, > 


| Equilibrium constant 
p,- Product of concentrations of products (rgised to power equal to coe 
Product of concentrations of reactanis-(raised to power equal to coeficients) 
The coefficients appear as exépnents (powers) of concentrations in the 
ation of K.. A» 


of Equifériu Constant 
Equilibrium constantis independent of initial concentrations of reactants and 
‘sata given temperature. am 
not defend upon the direction of reaction. The same equilibrium 
Value isobtained whether the reaction is started from the reactants side or 
eos side, : 
Value ith temperat is constant at constant temy lure. 
M edes upon SES ceils sol prt HR] 
quati 
The higher valus of equilibrium constant is the indication of higher value of 
The a OMPared to the reactantsat equilibrium and vice versa, 
Molar concentrations of pure solids, pure liquids (in heterogeneous 
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equilibrium constant expressions. 

Units of Equilibrium Constant 

When the number of moles of reactants and products in balanced y 
equations are equal, then K. has no unit. For example: 

CO + H,0 ——> Co, + H | 

ICOJ[H;] (mol dm moles dm“) ij 
= T a = Nin 
[Sm (mol dm "(mol dm ) 

When the number of moles of reactants and products are unequal, then 
has units, Forexample: Ko) 

Ni + 3H, a> 2NH, 
INH; ... (mol im? 
INH {mol dm” mold” 

(moyne 


(mol day tmol dm") 


polim * 
Gnoldnr"? 


mola 
mol 7dm“* 


Butin usual practice, the units of K, and K, are not written. 
7.1.3 Relationship Between K,,K,,K,andK, 
Between K, and K, | 


c D 
jen concentration of reactants and products are taken in moles di 
Mass constant is expressed by K . Consider the general revesibl 


ATB = C«D 
o K, = Se-Cp 


Hence = leyp 


5 Scy 
[ATR] aca 


Square brackets or 
When all the 


"C t E 
Show molar concentration inmolesdm 
reactants and prod Ü w 
ucts are in gaseous stale: 
: [4:1] 


pM 


kaise 


-— P 
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ration of each gas is taken in terms of partial pressure, and the 


E 
constantis expressed by K,, 

zo. TEPE 

Ki 7 pr pe © 


Where P4 is the partial pressure of gas A and P, is the partial pressure of gas 


The value of K, is generally different from K, because the partial pressures of 
reactants and products are not equal to their concentrations expressed in moles per 
decimeter cube. If we know the value of one, then we can calculate the value of the 
“ther by using the general gas equation. E 
According to combined gas law C 
PV=nRT or 


n 
P^*—(RI) 
vi ) 


onal unit for n/V is mol/dm" that is equ Molarity. 
us ploducts C, D the above 


Theconve: 
Hence, for gaseous reactants A, B and g: 


equation can be written as: 
P, = Yan or Py = [ARDS 


A = BRT or = BRD 


P= e «cin 
XI Reta 


Wy = FORT) ofm = (DIRT) 
By putting the valve OfP,, Pp, Pc, and Pp in equation (i), we get: 


ZI Y. [D] RT] e 
K, P 

(RT. [BP (RT) 
k, - [CFD RD or 


O ABPRD 
K, = (cypy" ane 


[ay [B]? 
ae TK hence, theaboveequationcan be writtenas, 
TB] ss 


po——— 
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= KRT) (ii) 
Where, R is gencral gas constant, Tis absolute temperature 
inthe numberof moles between products and reactants of gases So Atl 


An = (c+d)-(atb) 
An — =(Sumofmoles of gaseous products) - (Sum of moles of 
When number of moles of reactants and products are equal, ten 


tozero,and K, - K, 


Write the equilibrium constant expressions (K, & K,) for the tuor, 


below: 
(0) N,0,,, €———2 2NOi 


(b) N:+ 3Hss 
Solution: 


(Omer ares 


Hence, 


Where, An=1 


Where,An=2-47? 


pe 


ae 
MDCAT BY FUTURE DOCTORS 
between K, and K, * 
According to Dalton's Law, the partial pressure ofa gas is equal toi 
site and total pressure. 


dm Pi ds the partial pressure ofa gas, X, is the mole fraction of 
the total pressure of the gases. The values of partial pressures of gases A, B, C, 


nd Dare: 
Pee XP; 
PeX 
3 ON 
VOS) A 
Py P» Xp. Py Ss A 
By putting the value of P4, Py, P and P, in equation (i), ve 
CS e 
DR TOGRYGGR? 
— 
OIX" 


2 OR qp gera 
"eap ) (P 


p 
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tween K, and K, 
When concentrations of reactants and products are taken in terms of. 
moles, then equilibrium constant is expressed by K, According to Dalton 
mole faction ofa gas is equal to mumberof moles of particular gas divi 
umber of moles fall gases present in the mixture. 


X-^ 
n 


Where, X. is the mole fraction of a gas, n; is the number of moles of, 
Dy is the total number of moles of gases. We know that, 


PL =X. P; S 

Hence, by putting the value of X, inthis equation, wgbbtain 
n : 

Rosai Pr KK 


Eo 
For the reactant gases (A and B) and prodiéf gases (C and D), lee 


willbe: 
n 
EE 
| n 
Py = ie 
n 
Oe 
n 
pn 
b 
By pugje the value of P, Ps, P., and P in equation G) we 


e (qc D py 


EISE m or 
GRY Ge amp 


pu—Ó—— 
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phe a 


o K= Kea 


(iv) 


Menrumber of moles of reactants and products are equal, then An is equal 
|jevandall the equilibrium constants have the same values, hence SN 

KREK =K mS) 
14 Calculation of Equilibrium Constant S 
‘iim constant of chemical reaction is calculated from the Values of 
station or partial pressures at equilibrium. In cases where e 


uilibrium 
fais known, the concentration or partial pressure values ae quiibriuim may 
Veeminel. 


ammonia, used in the manufacture of fertilizer is (rc; ct 
Mtm und hydrogen gases. At equilibrium, ti&-Concentrations of nitrogen, 
Momen, and ammonia are 0.030M, 0.039M and 0.016M. respectively. 


Fate the value of at 500°C forth tion given below 
Me Nu + 3H ex 2NH 
Concentrati Sin 


[H] = 0.037M 
[NH,]= 0.016M 


T—— UH 
Na 3H —— í 


0.037 0.016 


VENIO 
Nn oooi 


= 168,46 or 168*10 


poem —ÓÀÓ 


Calculate the concentration of SO, gas, used in the manufactysbuf SQQ vih 
Na 


the helpofthe reaction give below: a 
24g) Ong 328i) 


sis 0.59M and that off gas is0.45M. Te) T 


The concentration of SO. 
ofthis reaction s4.32. 
Solution: 
ConcentrationofSO, = [SQ] = >> 
Concentration ofSO, = [SO,], 
ConcentrationofO, = (Qf > 
ValueofK, E 
Atequilibrium, — c 

BO + Og == 2803 


045M 


[0:5 K. [5010] 

ing the values we get, 

[80] (4.32)(0.59)°(0.045) 

[S0,}° = 0.0677 

By taking under root on both sides we have, 


[$0]. =V0067 


[So] = 0.26M 
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Consider the reaction: 

2 NO, = Nay 

Suppose NO gas is allowed to reach to equilibrium: 

equilibrium. concentrations are 0,021M for N, 0 021A 

K forthe equilibrium system is 76.56, Caleulate 


71.5 Importance of Equilibrium: Constant 


Theequilibrium constants of reactions canbe usedto determine: 
]) thedirection of reaction 


ü) theextent of reaction, 


maton gt Reneti andthe Reni Qual 
ions: "tant 


roncentraions of products to the concentration ts when the 
Teaction is at equilibrium is called equilibrium constant (KV vhereas, the ratio of 


notations of products to the concentrations of reagan when the reaction is 
Matat equilibrium is called reaction quotient (Q). AO 


‘The ratio [CI [D] / [AJ'[B] at equilibriumiséqual toK,. 

Theratio[CT[D}'/ [AP (B} that isnotat equilibrium is equal to Q, 

We say that, the reaction quotient an expression which has the same form 
the equilibrium constant except that the concentrations in reaction quotient are 
necessarily those at equilibrium. , 
The equilibrium quotients also used to determine whether the reaction is at 
librium or is not at equilibrium. The reaction is at equilibrium when Q is equal 
K(Q.=K,) and the, réaction is not at equilibrium when Q. is not equal to 
(Q#K,), ay ER 1 

The ost ioi quotient is helpful to determine the direction of reaction, We 
‘determine fie direction of chemical reaction by comparing the values of Q, and 

are three possibilities: 
‘O.may be ess than K, greater than K, orequaltoK,. 


Af. Q is less than K, (Q; < KJ). sae will proceed in forward 
" ium. 


JSASbB.— ec +dD cm i 
| PO. is greater than K, (Q, > K3, the reaction will proceed in a reverse 


= 


ia 
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direction (from right to left) to attain the equilibrium. 
aA+bB «—— cC HID 

iii) TFQ, is equal to K, (Q, 

not move in any direction. 
aA+bB c—— cC HdD 


Determination of Extent of Reaction 

Extent of chemical reaction means that how much reactant is converted intoprajy) 

at equilibrium. There are three possibilities 

LJ IfK, is very large: lt means that i K, value is greater than 10° (K 10) dg. 
forward reaction takes place to greater extent and reverse reaction ig 

place to smaller extent, The forward reaction is almost neaft6 completion hy 

example: 


K), then the reaction is at equilibrium. jy 


20, = 30, 


The equilibrium constant value for this reaction is very large which 
that the concentration of product is vefy-large as compared to the concentri 
reactant at equilibrium. The large alüe of K, at equilibrium tells us that le 
amount of reactantis changed into product. 
fi) — IF K,is very smallc]ticans that if K, value is less than 10 Akai 
reverse reaction takes place to greater extent and forward reaction takes 
smaller extent. For example: 


= 10 a 2000'C 


The equilibrium constant value for this reaction is very small wii 
that the concentration of product is very small as compared to the conce! 
reactant at equilibrium. The small value of K, at equilibrium tells us U^ 
‘quantity of reactant is changed into product: 1 
di) IK, is neither very large nor very small: It means that if K, ^ 


range of 10 to 10°, then both the forward and reverse reactions take P^ 
an equal extent. Forexample: 


(258) 
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MOF * 2NO 
[NO, 
Ke TN,O] 0.36 at 25°C 
D N:+ O == 2No 
É (Noy eee 
Ko io 0.1 at 2000°C 


Atequilibrium, the molar concentration of products and reactants are almost 
equal. J 


72 FactorsAffecting Equilibrium 

Theratio of products to reactants in the equilibrium mixture is kn@Whias the position 
of chemical equilibrium or equilibrium position. The ratio Gf the reactants and 
products can be changed by changing the conditions of a're&tion at equilibrium 
Many useful chemical reactions are reversible in which the reactants are not 
‘ompletely converted into products and the amount of products decreases. The 
hemists are interested to increase the amount-of products by shifting the 
uilibrium in forward direction. The factors that affect the equilibrium state of a 
Xtmical reaction are concentration, pressüré and temperature. The effect of such 
ges on equilibrium state can be best explained with the help of Le Chatelier's 


Tier was à French chemist specialized 
Mining engineering and. interested in glass and ceramic. 
studied the effect. of concentration, pressure and 
iPerature on a nufnber of reactions in equilibrium state in 
¥84, This prineiplé states that, ifa system in equilibrium is 
by some change, the system will shift so as to 
ctthe effect of the change. : 

.. This principle can be applied to all types of dynamic 
librium i. for physical and chemical systems. 

ns of Le-Chatelier's Principle 

Us explain some of the most common applications of this principle in the 
loving changes. 
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72,1 The Effect of Concentration Change 
Consider a system is in equilibrium. 


Teestablished with a higher concentration of product. 
äi) Ifwe increase the concentration of anyone product C or D or both oft 
the reaction moves from right to left in the reverse direction to increase 
Of reactant at time of equilibrium. 
iii) If we decrease the concentration of reactant A or B or hot of themy 
reaction moves from right to left in reverse direction. Thigieffect is re 
decomposition of products to produce reactants, 
iv) If we decrease the concentration of product Ggf D or both of them, 
reaction moves from left to right in forward digéetion forming more product 
equilibrium is reestablished. - 
In all of the above cases the equilibriüm position changes due to change 
concentration of reactants and prodigt- But the equilibrium constant (KJ! 
does not change when we change the concentration of reactants and producti: 
Consider the example of theréaction of equilibrium mixture of Ny. Hs 
Nag) t 3Hagj SS 2NHs 
If the concentratio of N; or H or both of them are inc 
equilibrium will sbiftin the forward direction and greater amount of 
produced when the equilibrium is reestablished. If we remove some amounl 
H; or both optei from the equilibrium mixture, then the equilibrium wil! 
the reverse difection and NH, is decomposed to produce Np and Hy H 
concentration of reactants favours the forward reaction 
inthe concentration of reactants favours the reverse reaction: 


—— 
p à 
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m 
queo 72: The Ellet of Concentration Change on Equilibrium Position and Ky 


122 Effect of Pressure or Volume Change 
According to Le Chatelier's principle, if the pressure of ap equilibrium mixture of 
jas is increased by decreasing the volume, at constant temperature, the reaction 
fills in the direction of fewer moles of gas molécules. If the pressure of an 
tuilibrium mixture of gases is decreased by, iareasing the volume, at constant 
Enperature, the reaction shifts in the direction ef more moles of gas molecules. 
| Pressure or volume change produces sharp effect in gaseous equilibriums 
Vie the total number of moles of restats on the leftside ofequationisnotequal — - 
Ite tott number of moles of produis on theright side ofequation. Examplesare: — | 
of Ammonia ,. 5" 

Consider thereaction, 4% 
| Naa) + 3H E= 9 2NH 

When pressuréis increased or volume is decreased at equilibrium, the 
ES moves fii ef to right in the forward direction to increase the amount of 
ToU NH). Ínthis case, the equilibrium position shifts to the right (product side) 
Á Value remains constant. 


Wi? E Poly + Che 4 
a um Pressure is increased at equilibrium; the reaction moves from right to 
tion of decreased volume to increase the amount of reactant (PCI). 


(26!) 
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constant. 
Theeffect of pressure or volume change is not applicable: 
(a) — When the system involves solids and liquids. They are not af 
changes in pressure because they are almost incompressible. Consider the 
the water gas (mixture of CO gas and H, gas) is produced when steam isma 
through red hot coke (carbon). 
HD E—— Opt H 
When pressure is increased by decreasing volume, the equilibrium wi 
from right to left in the direction of fewer moles of gas molecules. In this reactany, 


ignore the volume or concentration of carbon because it is presentin Solid sta, 


(b) When {othe total ani 
moles of pr e homogeneous cquilibrióms, 
Consider the following reaction, 

Nig TO = * 2NOy) Q 

When pressure is increased at equilibrium; the rate of both the foran 
reverse reactions will increase to the same extent and the equilibrium will nts 
in any direction because the total numberof moles of reactants is equal to the! 
number of moles of products in this-feiction. In this case, both the 
position and K, srenot changed. 
(c) — Whenan inert gas is adder th the equilibrium mixture. Whena not 
gas (inert gas) such as neon Which is not part of the equilibrium system 
and products) is added, the total pressure of the gases increases in a rigid ct 
but it has no effect on the partial pressures or concentrations of the re 
products. Thus it ES affect the equilibrium position (i.e. the relative 
reactants and prodit ofthe system, Nitrogen and noble gases are ete 
as inert gases. < 
Table 73: The Ee of Pressure Change on Equilibrium Position aK 

n — 


es of reactants is equ 


Eau shifts 
Ao the side that has 
fewer moles of. Con 
Bas molecules 
Equilibrium shi 
| Decrease in pressure tothe ide hat has 
| or increase in volume ‘greater moles of Changes. 
un. | gas molecules : 
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713 Effect of Temperature Change 

Changes in concentration, pressure, or volume 
without altering the value of the equilibrium constant, 
constant can be altered only when the temperature of thes 

According to Le-Chatelier’s Principle, exothermic reactions ar 

decrease in temperature and endothermic reactions are favoured by 
temperature. A reaction in which heat is evolved is said to be exothermic 
reaction in which heat is absorbed is said to be endothermic, For 
reactions heat is regarded as one of the products and for endothermic reactions heat 
isregarded as one of the reactants, 


() Consider the example of the formation of nitric oxide: 9) 
2N0, 


 Endoth v 
2N0,, AH = +90.25 Kiol 


Here, the forward reaction is endothermic and the reverse reaction is 
exothermic. In this case the forward reaction is favoured by rise in temperature and 
the reverse reaction is favoured by fall in temperature. Actually a temperature above 
300°C is used to increase the concentration of product: 

(b) Consider the example of the formation of gimonin: 


Nay + IH Spee INHG AH =-46:11KJmol t 


Nu T Or) 


Here, the forward reaction is exothérmic 
And the reverse reaction is endothermic) In this 
cd formation of ammonia. oe by 
se in temperature. The: use in 
lemperature shifts the equilibrium to the left 
em lion and the ammonia will Died : 
luce nitro, 'en us. às 
Ammonia. should = REEE temperature. But at low temperature, 
d reactic very slow and takes a long time to reach the equilibrium me 
More, a Tdderate temperature of 450-500°C is used to decrease time el 
brium and a pressure of 200-300atm is used to a e EM | 
3 ient amount of preduci A 
Tee hone minm rs 
ic reaction, an increase in temperature shift the equilibrium to the right 
othe amis an af product. As a result of this, the value of K, increases. 
E increase in temperature shift the equilibrium to the 
flandincreases the amountol reactantas a result ofthis the value of K, decreases, 


(263) 
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r Table 74: The Effect of Temperature Change on Equilibrium Position and k 
Equilibrium shifts 
to the product side Cm 
Equilibrium shifts ciae ; 


to the reactant side z 


| Epsum shifts Changer) 


|. to the reactant side 


| penmramsits | QS y 
| tothe product side | & 


7.3 Industrial Application of Le-Chatelier's Principle (Sy 


\ 
| 
. ofAmmonia by Haber's Process) 
‘Ammonia is unusually valuable compound and is used in the manuiti 
( fertilizer such as urea, (NH;),CO. and diammonium hydrogen phos 
(NH,)HPO,. It is also used in the manufacture of explosives such as P 
X —— (mrinitrotoluene), as a refrigerant and as a cleaning agent, It can also b? used i 


manufacture of polymers such as nylon and rayon. Chemists earlier disc 
the ammonia is produced by passing electric spark through a mixture ofh 
and nitrogen gases. 


cine pur 
Nog) Hag) — ——À 2 Ny) 
Butuuinluckily they failed to produce the maximum amount °! 
because the reaction is reversible and its rate of forward. reaction 15 Vom, 
room temperature. This problem was solved in 1912 by a 
German chemist Fritz Haber (1868-1934) who developed 
the process for the synthesis of ammonia. The Haber 
discovered that the adequate yield of ammonia is obtained 
py the reaction of hydrogen and nitrogen at about 450- 
00°C at a pressure of about 200-300 atmospheres in the 
esence of an iron catalyst. This method is known as 
Haber's process. 
(264) 
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e experimental Conditions must be adjusted to get the maximum yit 

ammoninina suitable time and at a reasonable price 
(i) Reactions occur more rapidly when the reactant concentrations are high. 
According to Le Chatel Principle, at equilibrium, an increase in the 

centration of any on ant (N, or H,) shifts the equilibrium to the right and 
ereases theamount of product (NH, ). 
) According to Le Chatelier's principle, the high temperature increases the rate of 
ition, but for exothermic reactions, it shifts equilibrium to the left and 
librium constant value decreases, 
(ii) The total number of moles of reactants is greater than the total number of moles 
pf products; hence, according to Le Chatelicr’s principle, the greater antoyint of 
product is obtained at higher pressures. The pressure is, therefore, increásEd on the 
equilibrium mixture to shift the equilibrium tothe right. 
ÍN) The high temperature does not favour the forward reacti6n; therefore, the 
Increase in the reaction rate is achieved by the use of catalyst, The use of catalyst 
the speed of reaction. Hence the synthesis of ammonia is carried out at a 
lerate temperature of about 450-500"C in the preseficé of an effective catalyst 

as Fe,O, mixed with KOH, SiO;and ALO, Tieinsiys isnot effective below 
"C. Or 


is cooled by refrigeration coils-below ("C (B.P. -33°C) until ammonia 

The liquefied ammonia is then Yemoved from the reaction vessel, which 

the concentration of the progit. The continual removal of ammonia shifts 

equilibrium to the produ and increase the yield of ammonia, It also 
isthe decomposition oí onia into reactants. 

Haber was awarded p Nobel Prize in chemistry in 1918 for the synthesis of 

ia. After, years Carl Bosch (1874-1940), the engineer, solved the 

Becca que pu sped 

\erefore, sometimes also called the Haber-Bosch process. The 

the Nobel Prize in 1931 for his work on high pressure reactions. 

"Ammonia that is produced worldwide is synthesized by Haber-Bosch 

plants are usually situated near the reservoirs of natural gas, The 

Basis used to get hydrogen gas which isused in the production of ammonia. 


* H0, CO * Haw 
Titii gen gas is obtained from air wbichisan endless source of nitrogen, 
5 


‘The equilibrium mixture has nearly bi ionia by volume. The equilibrium 


pot 
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| :4 Solubility Product and Precipitation Reactions 
The process of solubility is very important. For 
example, we flavour foods because of the solubility of 
table salt and sugar in water. X-rays technicians give 
Patients the suspension of barium sulphate to drink 
before taking X-ray of the large gastrointestinal tract 
(intestine and stomach). Barium sulphate is a sparingly 
soluble salt. It is a good absorber of X-rays and is used 
to improve the clarity of X-rays. The Ba ions present 
in the BaSO, are toxic. Since it i ‘lightly soluble, 
hence it is taken orally without threat. The concept of 
solubility and solubility product helps doctors to 
reduce the prevalence of painful kidney stones, and 
tooth decay. It enables the doctors to make,'the 
! ingestion of compounds safe. The concept of these 
reactions helps engineers prevent the formation of 
l. deposits in water processing and distribution systems, 

Some ionic compounds are soluble (NaCl, NaNO, etc.) and the otbeni 
slightly soluble or insoluble in water. 

For very slightly soluble silts (AgCI, PbCI,, PbI,, BaSO,),thedissoi 
very small and concentration of salt may be considered as constant. Fora 
when BaSO,, a slightly soluble salt, is placed in water, it dissolves until at 
solution is obtained; and then equilibrium is established between the ions 
BaSO, inthesolifion. 3 
—— Bai.) + SO ju) 
According to law of mass action, 

S' [ai ]s074 
K = [paso] 


Where, 
K is equilibrium constant and Ba"), [co [B450] are cone 
Ba", SO} and BaSO, in the solution, 


As the salt is slightly soluble, the cone 


z * salt. 
nuin entration of undissolved 


(26) 
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Thus, 


beo] 
Kh is the product of two constants K, and K and is known as solubility 
product. The product of molar concentrations of positive and negativeipas in 
equilibrium state with solid salt ata given temperature is called solubilityploduct. It 
isrepresented by K,,, The value of K, shows how much salt is solublefn water, 
Solubility product is temperature dependent and increases by increase in 

| Applications of Solubility Product i 
[Prediction of Precipitation A 
Many environniental and biological processes invély 

th precipitation of slightly soluble ionic compoünds. 
The calcium oxalate, a slightly 

mipitates out in the kidney and forms, 
‘Acommon problem for chemists isto determine the 
(rection in which a reaction proceeds to reach S 
‘Quilibrium. For example, pill the precipitation [sre 
‘ction of BaSO, proceeds in the forward direction or 
the reverse direction Or the reaction is at equilibrium when we mix the aqueous 
‘tions of Bac ia,80,? To answer this question we need to calculate ionic 
and then compare it with K, There are three possible relationships 
‘onic product and K,, that are as follows: 
Tk. > ionic product, solution is unsaturated and precipitation does not occur. 
is Case more solid dissolves and increasing the ionic concentration until ionic 


ic 


ionic concentrations until ionic product=K,, 
(267) 


ionic product, the solution is supersaturated and precipitation occurs, 


‘cane 
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If K = ionic product, solution is saturated and precipitation doe, 
because the reaction is at equilibrium 
‘The solubility and Solubility Product | 
‘The solubility and the solubility product of a slightly soluble salt are ot the, 
Solubility is expressed in g/dm’. It can also be expressed in mol/dm’, The d 
productis unit less, 

The solubility is temperature dependent. It can be increased for moa 
ionic compounds, by increasing temperature. The solubility of ionic copus 
determined by experiments, and by the use of solubility data, the value ofis 
product is calculated. The values of solubility can also be calculated from sy 
product values. Solutes with very low solubility have verre simil solubility 
values, 

‘Table 7.5: Solubility product constant values for some iðnic compounds at 29°C 


po—Ó 


jnitial concentrations (M): 

Equilibrium concentrations (M); 

Theexpression for the solubility product constantis: 
3 s 

30x107 = (s)(s) 

30x10? = s? 

Bytaking under root on bot! 


Mur 


5 = 548x10 M 


Practice Exercise 4: 
Calculate the solubility of CaCO, at room rnc i solubility 
| [prede parC 710°, 


lcvlate the solubility product constant, yom ue for BaSO,. The solubility of 
), at room temperature is 1. 03x10 ^M. 


olubility equation. foras 


ate 


eoneenirations (M): Tu s SA s 
luct expression for solubility product constant is: 


orn Baty + Sodio 


The solubility of PbF, is 225x10 
of solubility product constant for PDF; 


(269) 
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7.5 Common Ion Effect 

The process in which the degree of ionization of a weak 
electrolyte is decreased by the addition of a strong e 
electrolyte having a common ion is called common ion 

effect 


‘This process is used to decrease the solubility of end 
slightly soluble electrolyte (salt) by the addition of [yc 
strong electrolyte (more soluble electrolyte) having a | eg 
common ion, Forexampl 
Consider the ionization of less solubl 
'C4CO,,, + Cap, + COF 
According to law of mass action, 
CHCH 
1CaCO;] 
When CaCl,, a more soluble salt, is added to the solution of CaCO, Th 

increase the concentration of Ca^ ion((eommon ion) and it will shif 
equilibrium from right to left, hence CaCO, precipitates out from the solution, 
CaCl Cay + Yoo 
CaCO; e Ca EOS 
Thisis according to Le«Chitelier's Principle, 
Consider the ionization of moderately soluble KCIO, in water, 
KCI0 jy B= King + ClO 
According to aw of mass action, 


„Keo 
K 


‘When more soluble salt of 
KCIO,, 


Kj» 


from the solution. 
KChy = Kus bem 
KClO €— — Ki, + Clos. i 
This is according to Le-Chatelier’s Principle and is known as cof 


effect. 


(y) 
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"rium occurs when the rates of 
the reactants and products 


y Chemical equilibrium in which all the reactants and products a 
is called homogeneous chemi 


| phase is called ho ical equilibrium whereas the | 

equilibrium in which all he reactants and products are not is the same phase is 

> alledheterogencous chemical equilibrium Thea 

|p According to Law of Mass Action, the rate of forward reaction is dicey 
proportional to the product of active masses of the: reactants, > | 

‘The ratio of the molar concentrations of the products divided by he molar 

“concentrations of reactants, each raised to powers equal to their @oefficients is | 

“called equilibrium constant. The equilibrium constants arealiown as K,, Ky, 


Sy and K,. The equilibrium constants of reactions are td to determine the 

 directionandextent of the chemiculreaction, — i55 

| The reaction quotient, Q, is defined in the same wats equilibrium constant 

‘except that the concentrations in the react lr quotient expression are not) 

accessarly equilibrium concentrations. 

Jt Q, < Ko, then reaction will proceed jn forward direction to attain the 
ibri [proceed in reverse direction to attain 


illibrium mixture is mostly products and 
je equilibrium mixture is mostly reactants. If K, 


jóa extent. ; A 
lier's principle, when a change in concentration, 

c ture is applied to a system at equilibrium, the 
edin the direction that counteracts (minimizes) the effect of 


im is temperature dependent. Its value increases for an 
a Mui mim or an exothermic redetion when the 

increases, C h 

does not affect librium constant or the equilibrium 

ae gi es he rate of chemical reaction by 


energy at which: 'chemical equilibrium is reached. 
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> The produc ‘of molar concentrations of positive and. 
equi 


product constant. It reflects the solubility of a compound. The 
‘solubility products value of a compound, the greater the 


..compoun: 
> The process of common ion effect s used for the purifia 
compounds like NaCI, in the preparation of buffersand in qualita 


(©) byaddihgámmonia (d) by removing nitrogen 
iv) Adgnamicequilibriumis disturbed by 
(a) Goncentrationchange (b) pressure change 
(c) temperature change (d)all ofthese 
$ WhatistheunitofK, for thereaction: 
S250; + Ow —À 250s 
(a) moldmi^ (b) mol'dm^ 
(b) mol'dm^ (d) mol'dm ^ 


librium state with solid salt at a given temperature ig 


id. 


Four answersare given for each question. Select the cofractone: 
i) The reactions that occur only in one direetionateknown us 
(a) Reversible reaction (b) irreversibléreaction. 
(c) spontaneous reaction (d) non-spontancous reaction 
i) Thereaction will proceed in the reyetse direction when 
(a) Q.<K WASK, 
() Q.-K tQ. 7 (K)' 
ii) Which of the following “change will favour the fum 
adequate amount of amtiohia at equilibrium in the reaction 
below: 

Nap + 3H €— 
(a) Bydecreasimg pressure (b) by increasing pressure 


D 
Mi). When the total number of moles of reactants and prodit 
Then the equilibrium state is NOT disturbed by: 


(à) Concentration change (b) pressure change 

(c) temperature change (d) catalyst M 

vii) Exothermic reactions are favoured in the forward direct" 
(212) i 


p 


© — (d)removalofreactant ~ 


yii) When HCI is added to the aqueous solution of NaCl; the 


NaCl: 


(a) Increases (b) decreases 
(©) remainssame (d) first decreases and then increases 
ix) Precipitation occurs when 


(a) K, ionic product (b) K> ionic product 
(c) K, ionic product (d) JK — ionic product 


The forward reaction almost near completion ifthe value of Kis 
Very small (b) very large S 

(c) unity (d) zero v 

Fill in the blanks with suitable words given in the brackets 

i) The reactions in which products are reconverted into reactants are 
called. (ceversiblefirreversible) — c 

ii) All chemical equilibria are (tili dynamic) 

ii) Law of mass action was given bye in 1864. (Bosch / 
Guldberg) A 

iv) For thereaction, Ci Hid — t Has the increase 
in pressure favours the J of products. (decomposition / 
formation) S 


" 


So / than ionic product, the solution is 


! 

V). The removaliofthe amount of any one reactant from the container at 
‘quilibrium will shift the system. (to the left/to the right) 

M) Soluéj" with very high solubility have very 

‘olubility product values. (small/high) 
Viii) For endothermic reactions, the equilibrium constant value 

by increase in temperature. (increases/decreases) ECT 
HY Catalyst the activation energy of chemical reaction, 
) 

3). Haber was awarded a Nobel Prize in chemistry in 
1331/1918) 


MCAT BN 
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Q3. 


QA: 


«S» CH COOH ag HE eicoo,, + "i 


Qs: 


Q6: 


Label the following statement as Truc or False: 
i) The concentrations of products and reactants remain c 
equilibrium. ona 
ii) The same equilibrium constant value is obtained whey 
reaction is started from the reactants side or from the products sie, 
iii). The concentrations of reactants are equal to the concentrati 
products at equilibrium. 

iv) Thereaction is at equilibrium when Q; is equal to, (Qik). 
x). When the number of moles of reactants and products are equal 
balanced chemical equation, then K, = K, =K, = Ks 

Vi) A catalyst does not change the equilibrium c 
the equilibrium position ofthe reaction. 

vii) The NaCl can be purified by passing HCkBas through is 


solution by common ion effect. y^ 
Sii) Molar solubility is the number ofqles of solute dis 


liter of solvent. sy 
ix) Ashe reaction proceeds inte Torward direction, the € 


of product goes on decreasing and that of reactant 


increasing. 
x) Haber solved the eipiricering problems forthe synthesise 


Write the equilibri constant expressions for K fers 
following processes 


CN) 203) $23.01 


i^ 239 


p 


: ? Explain why the 
$ teactants and productsare not necessarily the same al ? 
7 Nhat ae homogeneous and heterogeneous equilibria? Give tva examples 
Explain, what is the law of mass action? Derive tig équilibrium constant 
expression fora general reversible reaction, 
Whatis the characteristics of equilibrium c 
14: How will you relate the equilibrium 
partial pressure, number of moles 
QIS: Explain Le Chatelier's principle 
maximize the yield of 


“enthalpy change for the reaction. 
favoured by increase in temperature or decrease in 


changes on the value of equilibrium 
(a) removal of product (b) 


€) decrease the u 
Breaternumber of moles of gases than reactantside 


(d). increase the temperature ofan endothermic reaction mixture? 


i Kae r 
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Q.19: Whatis the effect of catalyston 
(a) therate of chemical reaction 
(b) the position of equilibrium inachemical reaction 
(©) the value of equilibrium constant? 
Q.20: Whatis the significance of catalyst in chemistry? 
Q21: Describe the effect of increasing pressure on each of the followin 
‘systems at equilibrium. 


) 204) m 3024) 


ii) Hy) + Clg) e? HCl) 


e 3 Y 
iii) PChg; Chy c—— PCs ES) 


yN 
Q.22: Defineandexplain common ion effect giving: suitapl examples. 
Q.23: What is a solubility product constant? Detergniie the solubility 


Q.24; Answerthe following questions; — 5 
a) There is only one value of the equilibrium constant foriti 
system ata particular temperature; hi 


c) Why the equili 
increasing temperature? 
d) Can the sgtiórium constant value ever be zero 0f 
lain. 
e) How.ate fates of forward and reverse reactions related? 
chemical equilibrium? | 
2) The solubility of KCIO, is decreased by adding KCl ^ ^ 
.sálution, how? 
Q25The equilibrium concentrations of hydrogen, iodine, and 
= are 0.530M, 0.033M, and 0.034M. respectively at 450°C. Wi 
ofK, forthe following reaction? ^ 


Hag) + hg €—— Hlg 


Q6: Calculate the concentration of PCI; at 250°C- The 
concentration for both PCI, and Cl, gases (005M. The 
thereactionis 12x12, Lush 


Pelo ——À Phyt Ch 


27: Ca(OH); is a slightly soluble base and has a K,, value e 
Calculate s solubility at room temperature 

Q28: ALCI is a sparingly soluble salt and hay a Kp value equ 
Calculate 4 


constant Valueat this temperature? 

Q30 The solubility of CaF, at 25°C: is 8.60 g/100g of water. What is the solubility" 
product constant value at this temperature? 

Q3I: Consider the reaction 


Pls) —— PCl + Chu; AH = +92.5kJ/mol 


Increase the pressure 
increase the temperature 
adda catalyst 
d) addaneon gas. 
(P2: Consider the gas phase reaction: 5 
CO + O24) =F 2004, — AH IT 2830 KJ/mol 


i) Whatis the effect of the pressure chatigeon this reaction? 


ii) Whatis the effect ofthe temp. on this reaction? 
jii) Sf tleefes Dacus changeon this reaction? 
€ 
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Gidic, Basic ant Amphoteric Substances. 
ds and Bases 


8.4 Expressing the Strength of Acids and Bases 
8.5 Lewis Definitions of Acids and Bases 

8.6 Buffers Solutions and their Applications 
8.7 Salt Hydrolysis 


stu 
‘Define Bronsted and Lowery concepts for acids and bases( Remembering) 
Define salts, conjugate acids dnd conjugate bases, (Remembering) 
Identify conjugate acid-bése pairs of Bronsted- Lowery acid and base(Azalyzn 
Explain ionization contant of water and calculate pH and pOH in aqueous 
using given K, values; (Applying) 
‘Use the extent.of ionization and the acid dissociation constant, K,, t0 
between strong and weak acids. (Applying) 
Use the eXent of ionization and the base dissociation constant, Ky 19d 
betwen strong and weak bases, (Applying) 
Define a buffer, and show with equations how a buffer system work 
“Make a buffered solution and explain how such a solution maintains c 
even with the addition of small amounts of strong acid or S% 
(Understanding) 
Use the concept of hydrolysis to explain why aqueous solutions of 
acidic or basic. (Applying) 
Ee to explain why the solution of a salt i$ € 
Define and explain leveling effect. (Understanding) 
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phases and salts are very important and common chemical 
eyed inthe home and in the chemical industries. For examples 
je anid that is common in many foods and cleaning products, Citrus fr 
gions, oranges and tomatoes juices contain citric and ascorbic acids. A 
in malic acid, and grape juice contains tartaric acid. Dairy products such as 


ilk, yogurt and cheese contain lactic acid. Carbonated beverages (soft 
js) contain carbonic acid and may also contain 


oie acid, citric acid and phosphoric acid. Gastric 
ge contains hydrochloric acid which is essential to [x o 
eton and is secreted by the lining of our stomachs [acids fate ee 
significant quantity of 1.2-1.5 Liday, The sulphuric | because some. Very, 
D GAO storage iied. isalso used [Corrosive and Xe are| 
ithe manufacture of fertilizers, explosives, dyes and USseneus, $ 
Bacteria in our mouths yield acids that can dissolve tooth édaiel to produce 
iss. On the other hand, the sodium hydroxide is a based is used in the 
ture of soaps, detergents and in the manufacture pfother compounds. The 
onia is also a base and is present in many houschold cleaners. The suspension 
ium hydroxide also known as milk of magnesia is used as an antacid, 
im hydroxide and sodium bicarbonate aré also bases and are also used as 
ids. The sodium carbonate also known as wishing soda is a common example 
and isused for washing purposes. ~~’ 
Salsareformed when eid react i bases, Some well-known examples of 
Sodium chloride, sodium nitraté; and potassium iodide. Sodium chloride is 
I one of many hundreds of sts that is used for seasoning and preserving 


el Reactions in People: 
pisa natural ing or synthetically produced substance that 
I aa erat prevent decomposition or fermentation 
i May either be antimicrobial, antioxidants or anti-enzymatic. 
Preservatives inhibit the growth of cR ae et 
ie mnie De on pg, Mack spo. Anis mul: 
s Such as ripening of fruits and vegetables 
‘even after harvest. Salt, sugar and vinegar and natural spices are 
45 food preservatives. However, the main concerns of using food 


tC mostly related ro chemical substances and artificial ingredients 


p——— 
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8.1 Acidic, Basic and Amphoteric Substance 
Acids and bases were first recognized by their characteristic properties Thy 
acid has been taken from Latin word “acidus”, which means “soup” Agg, 
compounds whose water solutions taste sour, turn blue litmus red, and LT 
bases to form salts. The bases are the compounds that taste 
bitter, feel slippery, turn red litmus blue and react with acids 
to form salts. Many theories have been proposed to define. 
an acid and a base. One of the earliest, most significanCof 
these theories was Arrhenius theory of acids and bases. In 
1887, Svante Arrhenius (1859-1927), a Swedish, Chemist, 
stated that acids are substances that produce hydrogen ions 
(H' ions) and anions when dissolved in water while bases ‘Svante Anite 
are substances that produce hydroxide ifn {OH ions) and (1859-102) 
cations when dissolved in water. For example, HCl is an Arrhenius acil e 
produces hydrogen ions and anions (CI ions) when dissolved in water. 

D + = 
HCl, —9— nec Chay 
The aqueous solutionof HCI is called hydrochloric. 


acid. 


1 ase because it produces hy! 
cations (Nations) when dissolved in water, 
NaOH, — 5 Ns + OH) 
The neutralization of an acid by a base produces water amt, 
ionic compound that is composed of the cation from the base and te 


acid. 
HCl + NaOH i) —> NaCl + HO 
Arrhenius observed that process of p 


: T ptio 
from theacid and OH ion from the base Be s 


het 
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Hag * OH(q) ——> Ho, ^ 

The substances which have both the properties of acids and bases are called 
amphoteric subs An amphoteric substance acts as an acid when combined 
with strong base and as a base when combined with strong acid. For example, water 
shows basic properties by reacting with HCI 


"n 


HCl + HOn 4——— H,O; jt Cer 
Acid. Hase E ic 

Here, H,O accepts a proton from the HCI molecule in the forward reaction. It 
also shows acidic properties by reacting with NH 


NHS) x HOn E= NH + OH Gag 
Here, H,O donates a proton to NH, molecule in the forwatd reaction. The 
Minphoteric substances may be either molecules or ions. Foréxample, bicarbonate 
Jon of baking soda is amphoteric. 
HCO} ug) + OH (gq) F= C05, HiO 
Acid. Base 
Here, the HCO; ion donates a proton tora 


base and acts as an acid. 
HCO} g)+H30j,4)—* HCO yaa H;0,) (water insoluble. 


Base Acid 
Here, the HCO; ion accepts &próton from an acid and acts as a base. 


Theacidic and basic character of amphoteric substance depends on the other 
Substance to which it reacts. 


8.2 Bronsted-Lowry Definitions of Acids and Bases 
82.1 Proton Donors and Acceptors 
Although Arthenitis theory is widely used but it 
filed to answer the question why compounds such 
3 ammonia form a basic solution when dissolved 
In Water although it does not contain hydroxide ion. 
lo, Atthenius definition also does not explain 
E d-base reactions which occur in non- 
ios Solvents and those which occur in gas 
bitin 2 solvent is present. A more. general pe eo Ton 
Of acids and bases was proposed (1879-1947) i 
(281) 
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ish chemist Johannes Bronsted and an English chemist Thomas gy, 
1923. According to the Bronsted-Lowry theory, an acid is a substance then qe 
proton (H' ion) to another substance, and a base is a substance that 
proton from another substance. In short. an acid is proton donor anda basejs 
Acceptor and acid-base reactions are proton transfer reactions 
example, HCL is a Bronsted-Lowry acid because its molecule donates a prop 
watermolecule when dissolved in water. 

HCl, + H0, —— H Ou, t Cs 

On the other hand, water acts as Bronsted- Lowry base, because its mok 
accepts a proton from HCI molecule. Consider the reaction between gaseous) 
and ammonia. : 

HCl) + NHs,, —— NH; + C — NHCl e$ 

Inthe above equation, the HCI donates proton to NH; ad acts as Brow 
Lowry acid while NH, accepts proton from HCI and actszas the Bronsted 
base. This is gas phase reaction and no solvent is required: 


8.2.2 Conjugate Acid-Base Pairs 
The dissociation of an acid can best be represented by the general reaction 
below: Cosjopis acit t pir 
Hangt HO, eem Hase A, 
[^ Coegarad Conugt bue 


Cotraguc scié-hae pair 
In the forward reaction, 


acid and a base &uch as HA and A` that dj 
conjugate avid Base pair. Every acid has 
proton frös the acid. For example, 0) 
conjug base of HA. Every base has. 


a conjugate base that is formed ; 
H” is a conjugate base of H,0 !* ji 


ü : + ration OO 
1 E conjugate acid is formed by ionization 

anda conjugate base is formed, by theionization cfan acid. 2 

Consider the dissociation of HC] in water: 


HCl, * H30; N 

/ cin i A 
e 
OR eee 


pu 


ge 
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Tn this reaction HCI acts as an acid because iUbas 
pesast base because it has accepted proton, For any givenacidib 
‘always has one more hydrogen atom and one unit fewer: negative cl 


fuse, On the other hand, the base has one fewer hydrogen atom and. 
sogivecharge than the acid. " 


$3 Relative Strengths of Acids and Bases PN s 


The tendency of an acid to give hydrogen ion is called strength of an acid. The — 
Inndency of a base to accept hydrogen ion is called strength of a base, Strong acids 
ad bases are strong electrolytes which are assumed to ionize completely in Water. 
Weak acids and bases are weak electrolytes which ionize on ly to a limite. lent in 
Iter, Forexample, HCl is a strong acid and CH, COOH is a weak acid beeause HCI 
sslimost 100% ionized and CH,COOH is about 1% ionized in water The strength 
ofacids and bases can be determined by passing electricity through their solutions, 
The aqueous solutions of strong acids and strong bases ar& good conductors of 
ehetricity and the aqueous solutions of weak acids andl. bases are not the good 
inductors of electricity, ) 
The strength of conjugate acids and bases af related to the parent acids and | 
as; 
| 
B) Thestronger the acid, the weaker is itscónjügate base and vice versa. 
Í) Theweakerthe base, the stronger is ifs conjugate acid and vice versa. 
Consider the ionization of HCl in Water: 
HO, + HO > Hu, * Clu) 


Sion er“ Stonger ipid 
rad add ien 


HCI is a strong acid that completely donates its protons to water. The 
Divide ion (the Cups base of HCI) is an extremely weak base and has very 
rly tö gain proton from water. Thus the strongest acids have the weakest 
Ptebases 
Consider another example ofthe ionization of ammonia in water: 
Mise Hog ——? Niog * Han 


Weaker Stronger Stronger 
bow ie acid base 
Ammonia is a weak base and its conjugate base (NH; ion) is a strong acid. 
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The NH, ion (the conjugate acid of NH; ) isa strong acid and. has greatertey, 
donate proton to OH ion. Thus the weakest bases have the strongest coy It 
acids, “shee 


fAc 


and Base: 


= Name Base (| Name 
Perchlonic cy; | Perchorate | 
aid ion bases 
| Helene Kot | catorde ion 
I Sulphuric |... Hydrogen | 
acid. HSO; sulphate ion 
HNO; Nitric acid NO; Nitrate iog 
Wo Hydom | 0 ] 
Hydrogen ERO 
HSO; | suphate ion | SOF <$ 
R Dihydrogen | 
HPO, — | Phosphoric | HPAES ope | 
ion 
HNO; Nitrous acid Nitrite ion | | 
| HF ie eR F Fluoride ion | | | 
je COOH | Aceübacid |CH,COO | Acetate ion | 
HCO,  |Gbbóic Tico, Bicarbonate | 
4 | 3 ion 
Ammonia | 
| Cyanide ion 


g.4 Expressing the Strength of Acids and Bases 
The strength of an acid or a base is expressed in terms of hydrogen ™ 
s concentrations, pH and pOH scales, K,, K, pK,, and pK, values- 

7 Q4) 


d hyi 


ions 


pots 


T Ue 
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84.1 Ionic Product of W ter(K, ) 

Even highly purified water.is observed to conduct very E 
shows the presence of very small concentration of ions. These ions are| 
theauto-ionization or self-ionization of water molecules. 


HO —— Hoz, + OH 
cd cid Base 


p 
As water is amphoteric, hence it acts both as a proton donor and proton. 
acceptor. The ionization reaction of "E canalso be written as: 


HOn —— Ha, * OH, 
Here pure water ionizes into " and OH . According to law of mass etion, 
theequilibrium constant for the reaction is 


[H on] e 
ss 1H,0] 

Since water is in excess, and very few ofits molecu adergoiionization, ad | 
‘isconcentration remains constant. Therefore: 
KH,0] -[H)OH] or 
K, = [HOH] | 
The equilibrium constant K, is called ionic product of water and its value at 
°C is always 1.0 x 107" *mo[^dm ^ obtainéd by multiplying together the molar 
‘oneentrations of H'ions and OH ions pèsent in pure water atroom temperature, 

Ionic product. otv jon] 

= (10 mol dni ^ (10^ moldni ) 


4 = 10x10 mol'dm* 


K, is tomy dependent. lis value Tabie 8.2: Value ofK, at different 
with. se in temperature and 
wwith decrease in temperature and has a 

ant value at constant temperature. 

_ The relative concentrations of H' and OH 
les the acidic, neutral, or basic character 

i iqueous solution. There are three 


Piles forall aqueous solutions. 
aqueous. solution i in which the concentration of H ionis equal to OH ion is 


Morem or neutalsoluion, the [H HOH -107mol dm” 
(285) 
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“aqueous solution in wh concentration of H ionis greater uas 
iscalled acidic solution For acidic solution, the [H"]> [OH ]. Inthis solution i| 
107 mol dm" and [OH ] - 10 mol dm” "u 
€) Anaqucoussolution in which the concentration of H ion is less than thy 
jon is called basic solution. For basic solution, the [H ] - [OH] Inthis solui 
<107'mol din ‘and [OH ]> 10 mol dm 
When acid is added to water then (H ] > [OH Jand when a base is added ty, 
then[H ] -LOH ]. ^| 


he concentration of H ions in an orange juice is 
concentration of OH ions; classify the solution as acidi 
Solution: 
IH] - s 5x10*M 


[0H] 
K, HS Jon] 


or cUm 
i-us 


x10" 


5.5 x 10; 


842 pen pai PK, 


nélar concentrations of hydrogen ions and hydroxide its 

eh ruit Their concentrations generally range from 10" 

to 10 5rol dm”. It is, therefore, more convenient to express these comet 

ona logarithm scale, known as the pH scale. 

The concept of pH scale was first introduced by the Danish 

Sorenson (1868 - 1939) in the year 1909 as easy and convenient way I^ 

hydrogen ion concentration (acidity and basicity), 
a pH ofsolution is defined as: 

‘The negative logarithm of hydrogen ion concentration it "4 

solution is called pH. 
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porexarple the pH of pure water is 7and that ofapplesis3.1 
The pOH of solution may be defined as; = 
The negative logarithm of hydroxide ion concentration in an aqueous is 


called pOH. 
pOH= -log[OH ] 


Forexample, the pOH of pure water s 7 and that of applesis 10.9 
The pH values range from 0 to 14. However, solutions of negative pH and 
havingpli l4arealso known, 
ForNeutral solution the pH value is equal to 7(pH 77), Tp \is| 
For Basic solution the pH value is greater than 7(pH >7) Du Eversel 
ThepK, is the negative logarithm of K, in the solution. ) 
pk, = -logk, 3 
PK, = -(log 1.0% 10°") 
7-00) 
=u 
ThepK, value can also be calculated as: 


ForAcidic solution the pH value is less than 7(pH « 7). 
Thenumerical value of K, is 1.0x 10 "and its PK, value gáirbe calculated as: 
PK, =pH+pOH =7+7=14 oÑ 


pues 
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The pH values are the inverse of [H ]. Greater the value of pH, sna 
be the value of [H ] and weaker will be the acid, 


The acids which have pH less than 4 are strong acids (pH < 4). E 

The acids which have pH equal to or greater than 4 but less 

| (pH 2 4<6), : 
The solutions which have pH equal to or greater than 6 but Tess th 

| nearly neutral (pH 2 6<8), : 


The bases which have pH equal to or greater than 8 but 
(pH 2 8«10). 
‘The bases which have pH equal to or greater than 10are str 


Most of the fruits are acidic in nature. The sour taste is the ind 
acidic character of fruits. When the difference of the pH values of ¥° 
then one acid is ten times stronger than other (or it has ten times mo" 
concentration) For example, a lemon with a pH of 2.0 is ten tines 
Hof 3.0 and is hundred times more acidic than che 
‘ease of one in pH corr ld decrease im 
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Carding of Milk with Lemon Juice: 
Curlling means to change into curds, Curds are a dairy product obtain 


seringof milk by acid or rennet, used in making ak - 
MIR is sctially made up of wates eee E RED 


neutral. Now instead of pushing one another part, the micelles start to 
nd stick together. Thus the milk gets curdled. The process of 

h faster when lemon juice is added to hot milk, But it is better to add a 
{omilk when both the liquids are cold and lemon juice is added slowly. 
ie you add, the larger yo curds will be and the faster they will fom 


Example 8.2 


Calculate the pH of the carrots juice which has the hydrogen ion concentration 
S5x10*M. 

Solution: 

ThepH of carrots uice= ? 


| = - (logs) « 6log 10] 
. (0:740) +(-6 x 1)] 
(0.740 - 6] 


Prati : 

— CAclie Exercise 2: Page 

| the pH and pOH of the egg white having 
pa tation2 5110M. Isthesolutionacidivorbasie? 


hydrogen ion 


Sample 83 — 
| i which has 
(Ù Calculate the hydrogen ion concentration of banana, | 


| 
Mess. 
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piine 


/be given the pH value of a solution ang 


on concentration, then weneedtotakethe ang, oa” 


Og oft ea 


i = 5.0 
| asweknow, [H] = 10" 
By putting the value of pH we have, 


pHofhuman blood = 7.4 
Asweknow[H] = 10?" 


By putting the value of pH inthedbove equation, we obtain 


[H] = 1074 
[H] -398x10* 
Wealso know that, Q^ 
[HOH] = 10x10“ 
[0H 710x197 
A [H*] 
Tepficit] = SEN 
3.98x10* 
- [OH] = 0251x190 x19! 


kua - 
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Acid Ionization Constant, K, and pK, 

‘he equilibrium constant which shows the strength of an acid is called i 

constant ofanacid (K,). Letus considertheionizationofanacid, HA in water: 
HA + H,0 —— H,O + A 


According to law of mass action, the equilibrium constant for the reaction is 
givenas: ye 
_ [HOLA] 
K.- THAJ[H,O} (The bracket shows molar concentration) 
Indilute solutions, the concentration of water is almost constant becauge tis 
shvaysinexcess: 
= [HOTA] 
& K.[Ro]- hu 
HO" [A7] 
Ee = HO IAT] 
[HA] 


The K, is called ionization constant of an acid Greater the value of K,, the 

[tonger is the acid and the greater is the concentration of H' ions at equilibrium 
ofits ionization. 

Strength ofan acid xc K, T: 

For weak acids, the K, value is legeshan 10°. (K,< 10") 

Formoderately weak acids, theK, values range from 1 to 10°(K,= 10 107) 

Forstrong acids, the K; value is more than 1.(K,> 1) 

Thenegative. logirlhin of K, iscalledpK,. 

PK, = -log 

Thepk, isle inverse ofK,. 

K, œ x 

Gester the value of K,, smaller will be the value of pK, and stronger will be 

l When the difference of pK, values of two acids is equal to one, then one 

i. Pl nes stronger than the other. When difference is two, then one acid is 100 

than the other. When difference is three, then one acid is 1000 times 

the other, 


Can 
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Table 4.5: K, and pk, Valu 


for Some Acids at Room Temperature 


ware Up Ww 

ENT Hydiicaid — | 10x10 E 
CIO, | Perchloric acid 10x 10% 4 
HBr | Hydrobromic acid 10x10 1 
HCI Hydrochloric acid 1.0% 107 


You can detetmine the pH value or H ion concentration of a. ans 
know the-initial concentration of acid and its K, value. On the other 
determine the K, value of an acid solution, if you know the pH yall 
‘concentration of its solution, 


Example 8.4 


NT 
Calculate the pH of 0.05 M mono-protic acid whose K, value i$? 


Initial concentration of mono-protic acid = 0.05M 
The K, value of mono-protic acid 725x107 
The pH of mono-protic acid 


cone. (M): 
briumcone.(M); — (0.05) 


The value of K, is small, hence, the ionization. ofHA is assumed to be Very. 
|llandthe value of x is considered as zero, S 


SUMUS JS 
25x10 05 


15x10" 0.05) = x or 
ü 
X -(25x105(005) 
"^ -0025x10* 


| X = 125x10° 
Wtaking under root, 


the K, value of mono-protic acid which fus [HA] = 
42x 0M atroom temperature. 


742x107 M. 


= 42» 1074.2 x 107) 
(2.5 x 107) 


(0.042(0.042) 
EA 


(0.25) 


Percentage Ionization of Weak Acids 

The strength of an acid can be measured by its "Gage ionization, We can demi 

%age ionization of an acid by the formul 

cage ionization «v peers of ionized acid at 
ow Initial concentration of acid 

The greater the %age ionization of an acid, the stronger the acid af 


` The %age ionization of weak acids depends upon the extent ofd 
solution. The extent of dilution increases with decrease in the number ofi 
acid. Vm 
Egien of dilution 
Y on = No. of moles 
7 Whenthe solutionis infinitely diluted, the weak acid gets 100% 01 
The % ionization of 0.1M acetic acid solution is 1.3% and that of 
acetic acid solution is 5.86%. 
8.4.4 Levelling Effect 
‘The strength of acids isnot only depending upon the ability ofa substan" 
a proton, italso depends "upon the ability of solvent to accept proto? |, f 
strengths are determined by comparing their relative ionizations în" 
aw 


O 


pr 
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acid that exists in water is the hydronium ion (H,O'). Any acid that 


EL be of equal strength and have nearly same pK, values, Hence, it 
Los difficult to tell which acid is stronger, that is. they are levelled out. This 
jen called leveling effect. Although strong acids have close pK, values 
tty are: not equally strong. To compare the strengths of strong acids, a 

iatis weaker proton acceptor than water such as liquid HF. or CH,COOH 
ipteused. Strong acids show different pK, values in a solvent that is weaker 
saan water, For example, the pK, values of HCIO,, H,SO, and HCI in the acetic 
insliumare 5.3, 6.8, and 8.8 respectively, The relative strengths of some strong. 
inxcetiacid (known as glacial acetic acid) medium are: 
HCIO,>HBr>H,SO,>HCI> HNO, 
Water has no leveling effect on the strength of weak acids such às HCOOH, 
(00H, H,CO, and H;PO, ete, because they are not ionized 100% in water and 
budifrentpK, values. 

Similarly, the strongest base that is present in wateris OH ion, Any base that 
‘Songer than OH hydrolyzes in water to produce OH. ions. For example, the 
T (V) and oxide (O°) ions are stronger bases than OH, and hydrolyze 

ely in water producing OH ions. Water has no leveling effect on the 
Phofthose bases which are weaker than OFT | 


Chloric aci É 
Suphuricacid 


i [aopa 


Hs M. Consider the ionization ofa base in water: 
10 S BH’ + On 


(235) 
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e an hydronium ion will ionize completely in water and produce H,O' and 


j— 
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The equilibrium constant is given as: 


EEE TOE) 
-BHO E 
The water is in excess, so its concentration is constant: 


K, is called ionization or dissociation constant of a base. Greater the vied 
Ky, stronger is the base and vice versa, 
Strength ofa base « K, 


‘Thenegative logarithm of K, is called pK,, 


pK, = log K, 
The greater the value of K,, smaller will bethe value of pK, and strongetil 
be the base. 


Ky and pK, Valucs for- Šone Acids at Room Te 
AA. » 


L3 


constant ofits conjugate base (K, ) c; 


Consider the ionization ofa weak acid, HA in watey, 


(286) 
Ee a 


pre—MÓ——: 


MDCAT TRY FUTURE | DOCTORS (TOUSEEF AHMAD) 


PAR uius constan for ther im. as: 

" J^] " [H,0* TA] 

Ke C [HAI] HA 

Consider the ionization ofa conjugate base in water: 

K+ HO X——— HA + OH- 

‘The equilibrium constant is given as; 
.IHAHOH] |. . [HAJfoR] 

* — [AIMO] : [ 

By multiplying equation (i) and (ii), we get 

[MOMA] , [HAIOH-] S 
[HA] I^] À 

K,. K, = [H,O [OH ] 

Aswe know, K, =[H ][OH ], hence, 

KK, = K, = (iii) 

SOR el alesis 

COS PAN SUE E 


KK = 


From the ove expressions it is ger that the larger the value of K,, the 
ler the value ofK, and vice versa. <$ 
If we take negative logari both sides of the equation (iii), then pK 
ofthe conjugate acid and base pairs are related to each other as: 
PK *pK, = pK, =) 14 (at 25*C) 
Iwe know the PK, value of an avid we can calculate the pK, value of its 
‘base as; oe. 


Gases 


f 
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à sxi | 37 CHCOO-- 


| fs 
HCO; 43x10? | 63 || mcg | 
HCN aox | 93 || CN 
C4HSOH 13x10 | 99 || Celso" 

H0 | L0x10H | 14 È OR A 


8.5 Lewis Definitions of Acids and Bases 

‘The Bronsted and Lowry concept failed to explain those acids a 
not have hydrogen ions such as AICI, and FeCl, It also failed explain 
base reactions which occur in non-protonic solvents such liquid SO, a 
BF,. In 1923, Gilbert N. Lewis, an American chemistfóéused on the 

pair and proposed an even more general concept af acids and bases, TI 

not restricted to any particular element or solven]-According to this 

is a substance (atom, molecule or ion) that can accept an electron 
coordinate covalent bond and a base js@ubstance that can donate an el 
and to form a coordinate covalent bónd. In short, acids are electron pair 
and bases are electron pair donors; ~ 

i) All simple cations suchas H, Li’, Ni’, Sn and Sn" actas Lewis. 
cations such as H', Li’ gd Be” act as stronger Lewis acids 

tendency to acceptelectriins. 

ii) The electron déficient molecules which have incomplete octet sve 
AICI, and BE, áct as Lewis acids, k 
iii) All anions such as CI, O^. OH , X (Halide ion) and NH; (amide ia? 
Lewis bases because they have tendency to donate electron pairs. 


iv) The molecules which have lone pair of electrons such as Hz 
Lewis bases. 


Gand A 


According to Lewis concept, an acid-base reaction occurs Whe” d 
an electron pairto an acid with the formation ofa coordinate covalent P^ 
the two substances, 


CF * AI —— — C1 AKI, or AlCl: 
(288) 
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‘Acidity and usc of Anti-acid Drugs 
ee ice (stomach acid) is essential for the digestion of foods 


ja that is ingested. The gastric juice has 0.5% 
Siomach Walls and pH value of the gastric juice is norma 
m or When the stomach is irritated by very vods, 
acidic foods (tomatoes, oranges), acidic juices (; fruits I, 

S or hen aperon tesom ema a ah RES 
much HCI. Some of acid contents can flow back into the esophagus (the tube that 
carries food to your stomach) and cause “heart burn". The condition is medically 
known as "pyrosis"" or “acid indigestion", ži 
The symptoms of heart burn include a burning sensation in the chest (just above the 
stomach) or behind your breast bone (sternum) and some patients experience Sour taste. 
inthe mouth from gastric juice, Some patients may experience the burning sensation in 
thethroat, Heart burn gets worse when bending overorlyingdown. . v 
‘Theheartburnis reduced: [ Bases (oA&tsilizing agents) 

+ By taking an antacid (anti-acid) to neutralize | eee 
the stomach acid. Theantacidhasoneormore | N HC, (Baking Soda) 
basic substances which are used to neutralize 3 
theexcess butnotall of the stomach acid. AROH), and NUICO; 

* By taking acid-inhibitors to reduce the CI Mg(OH); (Milk of Magnesia) 
secretion of stomach acid. The acid-inhibitors> AOH); and Mg(OH) 


||" By taking proton pump inhibitors to! 
inhibitors include omeprazole, - 
he heart burn can be controlled | lifestyle change such as: 
foods, alcohol, aspirin, ibuprofen, caffeine, 


«stop smoking, elevate the head of the bed and 


Reiten in pH when a small amount of an acid or a base 


to itis called. lution. 
jg, f solution S AE with air, it will absorb CO, and become more 


Ifa solution is stored ina glass bottle for long time, the silicates of glass make 
QU' basic, In both eases the pH of solution changes. Buffer solution is used to 
the pH of solution and prevent these changes. 


of Buffer Solution 


‘olution usually contains: 


n——— 
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For example, CH,COOH and CH,COONa 
ii) Aweak base and its salt with strong acid. 


Forexample, NH,OH and NH,CI 
Action of Buffer 

Consider the buffer solution of acetic acid and sodium acetate: 
i) When we add few drops ofa strong base (NaOH) to the solution, the Oy i. 
of NaOH reacts with acetic acid to give its conjugate base. 

CH,COOH + OH“ =——* CH,COO + H,O [ 
ii) When we add few drops of strong acid (HCI) to the solution: the H' ion i | 
reacts with acetate ion of acetic acid to give back CH,COOH;: 


'CH,COO" + H' =—* CH,COOH 
Both OH and H' ions are consumed completely in the above reactions 
Hence, pH of the solution remains constant. 
Applications of Buffer Solutions 
| i) They are used on industrial scal@-in tanning of leather, electro 
manufacture of sugar where constant pH is essential. 


ii) Normal human blood has'pH of about 7.4. It is maintained by = | 
bicarbonates and phosphates: fit decreases up to 7 or goes up to 8, death may 


iii) They are used to study the growth of bacteria at constant pH. 
iv) For proper produéticn of crops, the pH control of the soil is essential. 
v) They are useditt beverage industries, 
Buffer Capacity 

Thé) 


number of moles of an acid or a base required by one dm’ ee 
ution. 


<solutidn for changing its pH by one unit is called buffer capacity ofa sol 
also be defined as: the capability of a buffer to resist the change of PH 
buffer capacity. The buffer capacity depends upon the concentration (ari 
acids and salts present in the buffer solution. t 

Consider a buffer solution having 1.78M CH,COONa and 10M s 
‘The pH of this solution is 5. A solution having 0.178M CH,COON? a 
CH,COOH shall also have pH equal to 5. Since anion/acid ratio i SH 
dilute solution has lower buffer capacity and would more easily be 
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addition of acid or base. However, the solution with IM CH,COOH and 1.78M 
CH,COONa has larger buffer capacity and is able to show small pH changes when 
strong acids or bases are added and is not easily destroyed by such additions. 
$7 Salt Hydrolysis 
| The neutralization reaction of an acid and a base produces salts and water. The 
reaction of cations or anions or both cations and anions of salt with water to form 
acidic or basic or neutral solution is called hydrolysis. Salt hydrolysis usually 
affects the pH ofa solution. For example: 
When sodium acetate (CH,COONa), a salt of weak acid and a strong base, is 
dissolved in water, its anion (CH,COO ) reacts with water as: 2) 
CH,COO,, + HO === CH,COOK,., + ONS, l 
Similarly, NH,CI, a salt of weak base and a strong acidgvhen dissolved in | 
water, its cation (NH, ) reacts with water as: KS 
NH + HOn > NHOH t HO 
There are four types ofsalts on the basis of reactivity with water. 
(i) The salts of weak acids and strong bases reaet with water and give basic 
tions, For example, consider the ionization and hydrolysis reactions of 
| COONa in water. ó 
A no : y 
CH,COONa,, === GCO + Naj 
CH,COOQ, + H:O) > CHCOOH + OH, 
^, The sodium acetate solution will be basic due to the formation of OH ions. 
PH of this solution is mote than 7 (pH > 7). The cations: of strong bases such as 


li metal and alkaline;earth metal ions except Be, have hardly any acidic 


i that is to say; these ions do not hydrolyze and has no effect on the pH of 
Solution, o 


Ni, Bo, X— 5 No reaction 

extent of hydrolysis is determined by the value of K, for acetate ion. The 
the value of K, ofa base, the more basic the solution it produces. 
The salts of strong acids and weak bases react with water to give acidic 
For example, consider the ionization of NH,CI in water. 


NHC), "Ont, + Clay 


Ni, + H,O 9 NHOH t Hing 
(aa) 


pu——— 
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The ammonium ion solution is acidic because of the fomyi. 
The pH of this solution is less than 7 (pH <7).The anions of, 


hydrogen ioi a 4 
acids such as CT ions have hardly any basic character; that is to say, these. m 
hydrolyze and has no effect on the pH of the solution. ^ 

Cli, + HzO) — No reaction 

The extent of hydrolysis is determined by the value of K, for ammonium; 
‘The greaterthe value of K, of theacid, the more acidic the solution it produces, 
(iii) The salts of strong acids and strong bases give neutral solutions, 
these salts are not hydrolyzed in water. Forexample consider the ionization of iy 
in water. 

NaCh, + H,Og == Naha + Clay 

The sodium ion isa very weak Bronsted base and has no effect on the pio 
solution. On the other hand, the chloride ion is a yery weak Bronsted acid anditi 
has no effect on the pH of the solution. The pHOf this solution is equal to 7 (p#=1 
(iv) The salts of weak acids and weak bases may not give neutral solutions, 
Whether the resulting solution is basic; Acidic or neutral depends upon there 
strength of the weak acid and weak base. 

To calculate the pH of su¢h Solution, you are required to compare the 
ofthe cation with the K, valu&fthe anion. There are three possibilities: 
(a) 1f the value of Kof the cation is greater than the value of Kí 
anion (K,>K,), the Solution is acidic. This solution has pH value less than? 
(b) Ifthe valu€0FK, of the cation is less than the value of K, of the anion 
the solution is basic. This solution has pH value greater than 7 (pH> 7)- 
(c) Ifthe value of K, of the cation is close to the value of K, of the anion! 
the solution is neutral or nearly neutral, This solution has pH value equ!" 
equal to 7 (pH=7). 

To determine whether CH,COONH, solution is acidic, basic; 
are required to compare the values of K, of the ammonium ionsand Ks! 
ions, Consider the ionization and hydrolysis reactions of CH,COONHi# 


CH,COONH, =—2—> CH,COO;,,  NHigg 
[57 


potro] 


NOCT RY, FUTURE pas qon (TOUSE AA?) 


UO ———_ NHOHu + Hi K,=56<10" 


This solution is neutral because the value of K, is equal to the value of Ky It 
psthatthe number of hydrogen ions produced by ammonium ions is equal to the 
Minberofhydroxide ions produced by acetate ions 

m 


pes of Sal 


f NaCl, KI, 
| FNO, NaSO, 


| NEF, 


__lodine is a trace mineral that 
nisms, eggs, and dairy prodilcis such as yogurt, milk, and cheese. Itis essential for 
{mation ofiodine containing hormones (thyroxine and triiodothyronine) secreted 
“hyroid gland. Hormõies are molecules that are carried in the bloodstream from 
Part of the body to.inother part and are responsible for growth, development, and 
nce of all body tissues. Iodine containing hormones regulate the heart rate and 
z also help the body to burn extra fat deposits. Daily requirement 
et Pdl is placed at 150 micrograms per day or 5 gram (1 teaspoonful of 
‘per day. If you do not get enough iodine, your thyroid enlarges and works 
' Produces more hormones, and as a consequence, the person suffers from 


The addition of small amount of iodine to table salt in the 
little cost can prevent the deficiency of iodine, Good quality 
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Daily consumption of iodized salt ean 


imis from mental and physical hg 


es the right quantity 


n the body. 


cannot le 
ns and 


x 
xnerations of both human 
sed by Iodine deficiency. 


|> Acids have sour taste, turn blue litmus paper red, react with active 
esate erin in aqueous solitons sd react ilh bases to d 
water. 

ouch, turn red litmus paper blue, ca 


|» Bases have bitter taste, soapy t 
| electricity in. aqueous solutions and react with acids to form salts andy " 
> The sour aste of many foods such as vinegar, tomatoes yogurt lemons, 


oranges is because ofthe presence of acids in them. The bitter taste of 
coffee is because ofthe presence of bases in theme bases are lst nay 
Fe foods. Both the acids and bases are used ón large scale in indie 
laboratories d 

| > According to Arrhenius concept, an. acid is a substance that gi 

water and a base is substance that gives OH ions in water. 

> The strength of Arrhenius acid or base depends on the extent of io 
acid or base in water, 

> According to Bronsted-Kowry concept, an acid is a proton donor 
while a base is protonaeeptor substance. 

> According to Lewis.concept, acid is electron pair acceptor si 
base is electron ir donor substance. 

> Astrongavdot base is almost completely ionized inthe solution vie 

In acidor base is ionized to a slight extent in the solution, 

[> Anacidincreasesthe concentration of H' ions when dissolved in wa 

| base increases the concentration of OH. ions when dissolvedin Wi sg 

> The pH scale is used to measure acidi i j 

x ity and pOH scale is g 

basicity of solution, One-fold change in pH is equal to ten-fold am 
concentration of hydrogen ion, PEE r 


|> The K, is the equilibrium constant that describes the ionization 

the K, is the equilibrium constant that describes the ionizati y: 
strength is denoted by the value of ength | 
pices ees | 
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vice versa. 
i value of K,, smaller the value of pK,, amd 
of K,, smaller the value of pK, and. 
that resists pH change when small 
buffer solution. Buffer solutions contain 


|. Fouranswersare given foreach question. 
i) According to concept) 
acceptor substance. ye 


(à) Arrhenius (b) Brorsted 
(c) Lowry (Lewis 


ii) Ionic product of waieris represented by: 

Ok o OK 

(orm, Kwek, : | 
fil) The valbe of ionic product of water at 25°C is: 

f) 10x10 "mordm® — (o) LL0x10" mol'dm* 

19) 5x0 moram ^ (d) L.5x10 "mofdmi* 


‘When an acid is added to water, then 
IW]-ton] (9H) [0H ] 
© trj- jon (4)(H"]= (OH ] 
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"The pH of the aqueous solution of 10° MHClis: 


v) 

(a) 1.0 (b) 1-5 

(e) 2.0 (d) 

vi) ‘The pH value of tears is 7- |. and pOH value is | 
(a) 46 (b)6.6 

(© 70 (d)7.6 

vii) Which one ofthe following is NOT the Arrhenius acid: 

(a) HCl (b) HNO, 

() AICI, (4)H,SO, 


viii) When the difference of pK, values of tivo acidèi equal to2 t 
acid is stronger than the other. 

(a) 10times (b) 100 times 

(c) 1000times (d) 10000 tinted 

ix) Which one of the following statéments is NOT correct forbaser 
(a) Havebittertaste — (b)pimblue litmus red 

(c) have high pH values (d)Feacts with acids to form salts 

x) Which salt in water has pH value less than 7: 

(a) NaCl (b) NH,CL 

(e) CH,COONR" (d) CH,COONH, 


Fill in the, blanks with suitable words given inthe! brackets: 


i)  Acubstance is termed as amphoteric when it acts — 
proton acceptor/as proton donor/both as proton ad 
donor) 


W) Pure wateris conductor ofelectricity.(poot/e0%) 
iii) The basic solution has pH than seven. (less) 
iv) ThesumofpH and pOHis 14. (equal to/esstba 


v) The ionic product of water increases bY 
temperature. (decrease/increase) 


vi) The stronger acids have value ot pk © 
greater). 
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wi) The value of proportional to [H°]. (directly/ 
inversely) 
viii) Weak acidsare electrolytes. (weak/strong) 


jx) The electron deficient molecules act as Lewis 
(acids/bases) 

x) Aqueous solution of Na,CO, is -while that of NHNO; is 
___-(acidie/basic) 


i$. Label the following statements as True or False 
i) ThepHofthenormal human blood is 7.4. 
ii) Theconjugatebase of HCI is CT ion. 
ii) Astrongbase hasapH value of 14. 


iv) The strength of an acid depends on the conjugate Páse: the stronger 
the conjugate base, the weaker the acid, X 


X) Orange is more acidic than apple. 
Vi) Theantacidsare used to reduce the secrétion of stomach acid. 

Mii) Milkof magnesia has sour taste. 

Vil For the neutralization of the gibrhach acid most of the people take 


ix) The larger the value ofthe smallerthevalueofK,and vce vers, 

x) The acids which have pH less than 4 are strong acids. 

‘What are the properties of acids and bases? Give some examples of acid 

containing foodSand base containing substances 

Define Areheius acids and bases and make itclear with examples 

What i'ámphoteric substance? Give examples of substances that have 

‘tphoteric characteristics. 

Define Bronsted-Lowry acids and bases, Give a demonstration of each by 

‘hemical equations. 

F Pats a conjugate acid-base pair? Give relationship between the strength 
ácidandits conjugate base. 
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Write the conjugate bà: 


(a) HNO, (b)H,SO, (c) HSO, 
(d) H,CO, (e)HF @® HCO; 

Q.10 Write the conjugate acids foreach ofthe following bases 
(@)NH, (b) Br (c) CH,CH;NH, 
(d)NO; (NH, (HO 


Q.l1: Whatis the difference between Arrhenius and Bronsted-Lowry 
ofacids and bases? 

Q.12: Whatdo you know about Lewis acid-base concept? Explain it. 

Q.13 Whatis the difference between strong and weak acids? o 

Q.14: What do you know about the strongest acid and stroitest base 
exist in water? 

Q.15: Howdoyou measure the strength ofan acid or esc? 

0.16; What is the ionic product constant of wafer? Why the ionic 


water increases by increasing küre? Write an expression fo 
whats its value at room te lj 

Q.17:Caloulate the H' ions and OH ji ncentrations of each of the 
solutions: A 


(a) O.IMHNO, solution (K, 725) 
(b) 0.05 M NaOH solution. (K,=10") 
0,18: Calculate the gotentration of fons in ammonia solution used M 
and glass cleativng whose hydroxide ion concentration is 0.025M- 
0.19; What daiy6u mean by the pH and pOH? How are they related? 
equate relating pH and pOH with pK- 


Q.20: Whhtis pOH of the plum having hydrogen ion concentration Io 
K the solution acidicor basic? 


Q.21: Whatis the pH of2.0x10*M NaOH solution? 


(2.22: What is H' and OH concentrations of a sample of tomatoes iM 
value of4,50? 


Q.23: Calculate the pH of each of the following solution and 


solution as acidic or basic: 


() [HW] =10x10"M œ [gj 232x107'M 
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EU IM) -43x17M w m) Serko | 
> [H] =95*10'm 
Calculate the pOH of each of the £ 
solution ax acidic, basic or neutral 


() [OH] = 1.0x10M (€) [OH]-24x107M 


(9 (0H]-10x1 M — (à [0H] = 78x10" 
() [OH] = L0x10"M 


ng solution and classify each 


ji Calculate the pH of each of the following solution and clasi cach. 
solution as acidic, basic or neutral ES 
(9 pOH - 0.00 (b pOH = 
(c) pOH -333 (d) poH 
() pOH = 13.92 
i Calculate the pOH of each of the followin, 
Solution as acidic, basic or neutral: 2. 


= 14.02 (b) «pH = 12.14 


Formate ion copdentration. The concentration of unionized formic acid is 
L0025M. af equilibrium. Find out the value of K, for acid at room 


[hatare bufer solutions? Why bulfers resist changes in pH? What are the 
of buffer solution? 
is salt hydrolysis? Classify the salts on the basis of reactivity with 


‘ind explain leveling effect. 
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“Answerthe following questions: 
(a) Whywaterisconsidered asa base in the Bronsted ow og 


(e) AlCl, issaidtobe Lewisacid but not Bronsted-Lo 
(f) Why the sum of pH and pOH of the 


roa 


PK, a strong. 
Lue 


(b) Which has the larger value 
acid? 


91 Chemical Kinetics 
92 Rates of Reactions 


43. Collision Theory, Transition State and Activation Energy 
94 Catalysis 


students will be able to: 


'* Define chemical kinetics. (Remembering) 


* Explain and use the terms rate of reaction, ral equation, order of reaction, rate 
‘Constant and rate determining step. (Understinding) 


$ Explain qualitatively factors affecting rate of reaction. (Applying) 


Jf Given the order with respect to each reactant, write the rate law for the reaction. 
| (Applying) 2c 


x 
Explain what is meant by she.térms activation energy and activated complex, 
(Understanding) A 
Relate the ideas of activation. energy and the activated complex to the rate of a 
_Tsection. (Applying) © : 
Use the colts to explain how the rate of a chemical reaction is influenced 
Mte * concentration, size of moleculesand. (Applying) 
| Bera poténal energy diagram fora reaction, discuss the reaction mechanism for 
petton. (Applying) wx : 

E i area on reaction rates, 
n jag of concentration, temperature am 


in the significance of the rate-determining step on the overall rate of a multi- 
Sis x 


fie (4 DE Tole of the rate constant in the theoretical determination of reaction 


< 
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9.1 Introduction to Chemical Kinetics 


‘The different chemical reactions occur. at very different rates. Some reactions occ 
ly. The reactions may take seconds, ved 


the conversion of. graphite nto diamond, the 
| occur very slowly. Similarly te 


the examples of slow reactions, On the of! 
explosion of gun powder, the neutralization o 
the reaction of hemoglobin with oxygen and CO occur very 
fast reactions. Chemical kinetics is the, Jbrénch of chemi: 
study of reaction rate (speed), reaction’ mechanism and 
reaction rate, The laws of thermodynamics support us to decide 
reaction is feasible or not but chemical kinetics helps us to know: 

i) How fast chemical reactions occur? 

ii) How reactions speed can be controlled? 

iii) Whatarethe factors (variables) that affect reactions rate? 

For example; when the food is stored in the refrigerator, the temper 
food is slowed-down and the food is preserved. Here the reactot 
(decomposition of food) is controlled by decreasing the temperature. "Dig 
kineticsiiot only plays an important role in our daily life but italso plays 27... 
in indies, For example, it hes to predict the expiry dale of Og 
medicines lose their effectiveness with the passage of time 
decomposition of active ingredients, It also helps us to get the maxi dg 
during industrial proces. Itis the chemical kinetics that decides viel 
chemical reaction is economical or not, For example, the economical ® 
ammonia in the industry mainly depends on the speed of reaction at WB geo 
(N, and H, are converted into product (NH,). In this chapter We! ii fe 
reaction ae, the mechanism andibe veriables hatte cob 
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b inthe concentration 
reaction. 

ifr E. Change in concentration of reactants (orproducts) _ AC 

quor Change in time UM 

Theunit of rate of reaction depends on the concentration unit of reactants or 

gis and the unit of time, The usual unit of rate of react 

cube per second (mol dm 


of reactants or products per unit time is called rate 


4 ion is moles per 
S). The usual unit for gaseous reaction is atm 


Consider a general chemical reaction in which the reactant A is converted 
product B. 
A— B 


When the reaction proceeds, then the concentration of reactant decreases 
litof product increases with the passage of time, It can be bést understand by 
gp. When we plot a graph between concentration (of resetants and products) 
J4xis and time on x-axis, then we will able to show the change in the 
entation of reactants or products of a reaction withthe passage of time. At the 
the slope of the graph for the molar concentration of reactants or 
is the steepest which indicates that the reactants are converted into 
si al greater speed. After some times, the slope becomes less steep which 
that the change in concentration. 1o 


a 
gives us an idea] 02 
"chemical reaction on 
Ate two types of rates [LEGGE OR ET 
: — Ww-——5 
i 9.1: Change in the molar 
Tate of reaction UN Mt ad protects 
Pe f reaction. with time for the reaction 


pre] 
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i) Instantaneous Rate of Reaction 
The rate of reaction at a particular instant during the time interval jg 
instantaneous rate of reaction. The instantaneous rate of reaction goes on cha 
every moment. Itis very fast at the beginning and very slow atthe end of agi 
The instantaneous rate of reaction can be calculated from the foliya 


expressions: Es 
Instantaneousrate ofreaction = =ar or 
dB] l 


Instantancousrateofreaction = ~~ 


Where d[A] and d[B] show a very small change in tlie -— 
reactant A and product B) and dtshows a very small change in time, The [A] 
minus sign in the rate expression which shows the decrease in the concentra 
reactant during the passage of time. The d[B] has no minus sign in "1 
expression which shows that the concentration of product B increases during ti 
passage of time. d 
ii) Average Rate of Reaction 
‘The total change in concentration divided by total time is called average 
reaction. 


 Atthe beginning, fie instantaneous rate is higher than the average 
end of the interval, the instantaneous rate is lower than the averag® f ig 
instantaneous rateand average rate of reactions are equal for only onè 
time interval... 
9.2.1 TheRate Law 
We alréady know that, the rate of chemical reaction is directly 
prodüet of concentrations of reactants each raised to some power 
general chemical reaction, in which A reacts with B to produce Cand p 
aA + bB —> cC +dD 
According to law of mass action, 
Rate of reaction « [AT[B]" ^ 
Rate of reaction = K[A][B]" 
This equation is called rate equation or rate law. Here 
constant. 


K5 
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tperatecquation is generally written in the form 


Inthe rate equation, it is not necessary that the powers (exponents m and n) 
malvays equal to the co-efficient (a and b) of balanced chemical equations. Rate 
jwcan be defined as: An expression which shows how the reactiorirate is related to 
'wicentration of reactants is called rate law or rate expression. It is determined. 
merinentall. It is not predicted from a balanced chemical equation, because as 
‘einow that the sum of exponents in the rate equation may or may not be equal to 
te co-ficient of balanced chemical equation, The value of the exponents in the 
Me law shows the order of reaction with respect to each other. For example, 

ier the reaction of nitric oxide with hydrogen: 
INO + 2H, ———+ N, 2K Rate = K{H [NO]? 
The exponent of 1 for hydrogen Concentration shows that the reaction is first 
With respect to hydrogen. The exponent of 2 for the nitric oxide (NO) 
Nation shows that the reaction is second order with respect to nitric oxide. 
‘am of the, Fboth the reactants shows the overall order of reaction, 
da 2- 3)overall 


RateLaw 
+0; Rate - KINO; } 

+ 40; +0; Rate - KIN;O] 
Wb — oi Rate = KTH 
and Overall Reactions 


^S Occur in sin, the reactions occur by a series of 
Sii igle step but most of 
"nvolved in a several step reaction are called mechanism of reaction 
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OF reaction pathway. A single step in a mechanism of reaction is gg. 

elementary reaction or elementary step. E 


How do Chemists Determine the Mechanism of Chemical Reactions? It is not 
determine the 


cl ‘equation, then this mechanism is accepted, if not, then rejected. They also 
the proposed mechanism with experimentally determined rate law, if they doses hen ths | 
mechanism is accepted, if do not agros, then this mechanism ie rejected and wo et fa 


To understand the chemical reaction, the chemists must know the step by 
step sequence of reactions by which the overall chemical chainge occurs, Cons 
the following reaction 

NO; + CO, —> NOg + COr, Overall reaction 

According to law of mass action, 

Rateofreaction = K[NO,][CO] 

But experimentally determined rate equation of the reaction is: 

Rateofreaction = K[NO,] 

This equation shows that the rate of reaction depends upon the concent 
of NO, and it does not depend upon the concentration of CO. The reaction is tl 
second order. The proposed mechanism for this reaction is: 


NOn + NOx) > NOyy + NO Elementary reaction 
NOg + CO. 7 5 NOny + COyp Elementary reaction 
We get the overall reaction by taking the sum of the elementary reactions 
Ms NOn, —7— NOt NO, Elementary 
iO CO —M—> My) + COyg Elementary 
NOx, + CO ——> NO, + CO Overall reaction 
In the several steps reaction, all the elementary steps do not have i 
rate, that is, one step is much slower than the others. The slowest “Euy 
determines the rate of chemical reaction in a several step reaction i$ ^g 
determining step or rate limiting step, Note that, the overall reaction cam"! 9, 
than the rate of determining step (the slowest elementary reactions SP) y 
ep? 


above reaction, the slowest step (first step) is the rate deiecta 
which does not appear in the balanced equation is called reaction i 
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| noraproduct bu is produced during the path of reaction, that is, itis formed in one 
and completely consumed in the later step, NO, has normal bonds and itean be 
isolated (Separated) under special conditions, 
323 Order of Reaction and its Determination 


Hye numberof atoms or molecules whose concentrations determines the rate of 
rentionis called order of reaction, Itmay also be defined as 
The sum of all the exponents of 


called order of reaction, For example: 
Rate of reaction 


the concentration terms in a rate equation is 


Order of reaction is determined experimentally, Order of readsion is not 
predicted from a balanced chemical equation because the sum of ‘exponents in the 
faleequation may ormay not be the same as in a balanced chemical equation, 
Important types of order of reaction are 
First Order Reaction 
The reaction in which the rate of chemical reaction js directly proportional tu. the 
fist power of the concentration of ‘One reactingesbustance is called first order 
[fraction 
Rateofreaction = K[A]' 
| ERU Tate of first order reaction doubles by doubling the concentration of 
t. 


| Forexample: ¢ 
MO, ——+ 2NQj3' LO,  Ratcofreaction = KINO] 
» NHNO, — Nied, Rateofreaction =  K(NH,NO,] 
d Order Reaction 


Fraction in whieh Yate of a chemical reaction is directly proportional to the 
Of the malar Concentration of one reacting substance (or to the product of 
FOncentrelións of two reacting substances) is called second order reaction. 
| Rieotteaction = KAJ or = Rateofteaction = KIAJIB] 
Tate of second order reaction quadruples by doubling the concentrations 
" 


Bh y aur Rate of reaction = K[Hj][L] 
e205 Rate of reaction = K[O, 
(317) 
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ird Order Reaction 

The reaction in which rate of a chemical reaction is directly proportionalt 
product of molar concentration of three reacting substances (or to the first oye 
molar concentration of one reacting substance and square of the other n 
substance) is called third order reaction. 


Rateofreaction = K[A]|B]IC] or Rate ofreaction = K[AjfBy 

The rate of third order reaction octuples by doubling the concentratinsy 
reactants, 

Forexample: 4 
i) 2NO+0, —— 2NC Rate of reaction KINO 
ii) 2NO + 2H, + Ny © 2H,0. Rate of reagipit = KNOPH 


Zeroth Order Reaction 
The reaction whose rate does not depend upon the concentration of any reas 
called zeroth order reaction. X 

Rate ofreaction = KA] . 

The reactions catalyzed by enzymes ànd thermal decomposition rexit 
may be zero order. | 


Forexample: 
i) Photosynthesis (Photocheifieal reactions). 
fi) 2NH,—hee QW L3H, Rate of reaction =sKINEME 


Experimental Détermination of Order of Reaction 

We can calculate order of reaction, if we know the rate of reaction. TM 
reaction ig he change in concentrations of the reactants or products 
reaction i6 generally determined by physical and chemical methods: T^ 
methods include spectrometry, electrical conductivity, diatomety. ^ a 
optical rotation method, pH metric method, and gas chromatograph!" 
‘The method used to monitor changes in the Eo of reactant 
depends on the specific reaction. S; : 3 jsd 
observed IB e eee f concentence dt Eis EE T 
reaction. 1 
j) Supposeareaction has only one reactant and its ate constant 9 
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! of reactants A and B 
Initial Concentration (mol dni”) 


an — = 
Experiments 1 and 2 show that when we double the initial concentration of A 


fom 00I 100.02, doubles the rate of reaction from 0.0025 to 0.005. 
Experiments | and 3 shows that when we quadruples the initial 
‘oncentration ofA from 0.01 to 0.04, quadruples the rate of reaction from 0.0025 to 
{| It means that the rate of reaction is directly proportional to the first power of 
gnceniration of reactant A, 
© Ratex [A]! 
A reaction whose rate of reaction depends on the concentration of a single 
ractn raised to the first power is known as first order reaction. 
j| Consider the reaction between reactants A and B. the value of the rate 
sink is 1,20mof'dm's! 
Table 9.2: Initial rate and concentration of reactants AdB 


Experiment 1 and 2 show that when we keep the concentration of reactant A 
tand quacruplés the initial concentration ofB from 0.02 to 0.08, quadruples 
AE tion from 0.0048 to 0.0192. It means that the rate of reaction is 
Proportional tothe first power of the molar concentration of reactant B. 
po im @ 

Periments I and3 show that when we keep the concentration of reactant B 
I “Cube the initial concentration ofA from 0.20 to 0.40, doubles the rate 
0.0048 to 0,0096. It means that the rate of reaction is directly 
(ig) 
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[ propontionalto the fist power of concentration of eacüntA, 
Gi) 


Rate œ [A]' VAM 
By comparing equation (i) and (i), we have 
Rate « [AI'BI' or 

Rate K[AJ[BI! 


"The sum of the exponents of both the reactants shows the overil 


reaction, hence this reaction is of second order (1+1=2)overall, 


iii) Consider the reaction between reactants A and B. the value oft 


constant Kis 1.20mo[ 'dm's '. 3 
Table 9.3: Initial rate and concentration. of reactants and B 


Experiments 1 and2 show that When we keep the concentration of 
constant and double the initial concentration of B from 0,02 to 0.04, 408°" 
rate of reaction from 0.004816 0,0192. It means that the rate of reactioni 
proportional to the square of the molar concentration. of reactant B. 
Rate x [BPA G) j 
Experimáíts 1 and3 show that when we keep the concentration 
constant anddouble the initial concentration of A from 0.2010040.095.— 
of reactibi from 0.0048 to 0.0096. It means that the rate of 
proportional to the first power of concentration of reactant A- 


Ratex [A]! (i) 
By comparing equation (i) and (ii), we have 
Rate [AJB] 2 

Rate= K[A] [B]. 


The sum of the exponents of both the reactants shows U^ 
reaction, hence this reaction is of third order (1-- 23) ü 
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Consderthe reaction between hydrogen and nitric oxide: 
| 2NO*H, —__, 2H,0+N, 
| pital rate data for the reaction between NO and His gi 

a Ini (m 


LN (mol dm’s') | 


25x10? 


soxio? | 
3 905 | o1 10. 


From the above data, determine (a) the rate equation for 

jell order of reaction and (b) the rate constant value at room temperature, 
Experiments 1 and 2 show that by doubling the concentration of H, from 

0,025 to 0.050, doubles the rate from 2.5 x 10° 10 5.0% TO’, hence the 


nile of reaction is directly proportional to the first power of concentration 
ofreactant H,.. A 


Remy. XO) 
Experiments 1 and 3 show that by doubling the concentration of NO from 
{050.0 0.100, quadruples the rate frofn 2.5 x 10? to 1.0 107, hence the 
Ric of reaction is directly proportional to the square of concentration of 
NO. & 


Rite [NOT Deae ii) 

By comparing equation (i and ( we obtain the overall rate equation. 
Rate s [HNOP or 

Rate = KJ [NO) 

The sum of the exponents of both the reactants shows the overall order 
ed reaction is of third order (1 +2=3)overall. 
Meknov tat the rate equation for the reaction is: 


Rae = KIH, ENO? Qi ikea RI. 
ec I] NOT 
7 Pting the values inthe above equation, we get: 
= —_25 «10% moldm st! — 
— (0025 mol dm (0.050 mol dmv)? 


= 40 moldm®s! 


MM 


50 10? mol dm ^s" 


— > = 40 mol dmi 
eee OnE me : 
| Ka = (050 mol dmi X0.050 mol dm » D 
| Xo 1.0 x10? mol da^ * m 
| ? 7 (0.025 mol dm 0.100 mol dm ^) 


| ‘As discussed earlier, the rate constant is independent of concentro 
| constant temperature. Note that the units of rate constant (K) depend o 
| number of concentration terms in the rate equation and on the vala 
| exponents, Some ofthe common units of rate constant are given inthe table: 


Overall c K] 
| First order 

| | Second order. Rate = K(AJ[B], 2} mol 'dm's^ 
mim order Rate = K(Ajfb] | mot “dm! 
| Zeroth order Rate = KS moldm's! | 


'ractice Exerci 


€ 


, | 
the reaction between oxygen and nitric oxide: | 

2NO 40; ——> 2NO, | 
Initial rates data for the reaction between NO and O, is given belot] 


me Le 

| a oor | Y 12$xt 4 
iem 0.022 i 250x10 

- A 

d 0.044 0912 sox 


Eg What is the rate law and overall order of reaction? 
) — What is the value of the rate constant at 25°C? 
SE o! the rale constant 41.2516. 


9. actors Affecting Rate o Reaction 
‘The rates of chemical reactions are in jor factor 
c ofthe eae influenced by five major fic 

ii) Theconcentration ofthe reactants, | 
ii) Thesurfaceareaofthe reactants, 

iv) Thetemperature of the reactants, 

v) Theactionofthe catalysts. 
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DCATBY,F. UTURE. Dod mS and the action of the 
‘catalysts will be discussed in the forthcoming topic (94) 


ons depends upon the nature of the reactants. Some 
substances react swiftly while others react slowly, For example, the reaction of 
potassium with water is very fast than that of calcium, 


2K + 2H,0 — ,»kon + m, 
i92 IO — Sew => Ca(OH), + Hy 
Thereactions between ionic compounds are fast Forexample, the reaction between 
gom AgNO;in the solution is very fast. In the solution, the silvercipns and 


hloride ions have no bonds to break. In this case only new bondats formed 
neon Ver chloride, 


NaCl + ABNO (i) — 8 —), AgCl,. + NaNO i 
On the other hand, the reactions between covalent gsimpounds are usually 
Slow. For example, the reaction between secondary propyl alcohol and HCI in the 
Presence of ZAC], is slow and takes five to ten minutes for completion because they 
havea lot bonds that have to be broken, 
(CH,),CH OH + HCI 2 — (CH). CH - CI H,O 
ii) The Concentration of the Reaetants 
Tate of chemical reactions increases by increasing the concentration of all or 
pie ofthe reactants, For example; wood bum much more rapidly in pure 0, 
00%) than in the air in which only 21% oxygen is present. Because the 
Soncentration of oxygen in pureoxygen is five times greater than air. 
__, BY increasing the concentration of reacting Substances, the chances of 
ion between the molécules increases and the rate of reaction increases. This is 
of the greater number of molecules per unit volume, 
Rateofredetion [A][B] 
Quantitative effect of concentration on the rate of chemical reaction is given 
d of reaction, 


The Surface Area ofthe Reactants 
;, 4I reactions occur at the surface area between the reactants. The rate of 
brian 8 directly proportional to the surface area of the reactants. The larger the 
ihe, tthe higher is the reaction rate and the smaller the surface area the lower 
“Teaction rate, This is because, by increasing the surface area, more atoms or 


k: (823) 
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grinding the bip crystals into smaller, ones. For example, the reaction of 
granules with hydrochloric acid is very slow and that of zine dust (powder) is vey, 
fast, 


Zn, (Granules) + 2HCl,, — 


Zn, (Dust) + 2HCl, — 

Likewise, the reaction of marble chips (big pieces of CaCO.) with sulphur 
acid is slow and that of marble powder is fast. You know that it is difficult to ign 
the big log, This is due to small surface area. If we break the log into smaller ig 
sticks (kindling), then the surface area increases and it will become easy to ignite 


kindling. 


iv) The Temperature ofthe Reactants 

The kinetic energy of the particles of the substance is directly proportional to ib 
temperature of the substance. By increasing temperature, the kinetic energy off 
substance increases which in turn increase thé rate of reaction of both the 
endothermic and exothermic reactions. Why. keep milk inside the refrigerator! 
We know that the rate of reaction decreases with decrease in temperature. When wt 
keep milk at lower temperature inside the refrigerator, the chemical reactions 
cause the milk to spoil are slow down and hence the milk remains fresh fora! 
time. If we keep it in the kitchen at room temperature, the milk will spoil much mat 
readily and becomes sour. On the other hand, food cooks more quickly in presi 
cooker (airtight pot) than an'open pot. The boiling point of water in pressure! 

is higher than its normal.boiling point of 100°C. At higher temperature, the hal 
decomposition of food (rate of reaction) is high and hence, the food cooks i 
period of time. 

Atroom temperature, the rates of many reactions roughly double wills 
10°C rise in temperature. If the temperature is increased by 20°C, the 
reaction Will be increased four times. However, the actual rise in the rate ofc 
reaction can be determined by experiments. 


9.3 Collision Theory, Transition State and Activation Energ! 
9.3.1 Collision Theory 


‘According to the collision theory of chemical kineti y er 
3 ‘tics, chemical reactio! X 
take place by collisions between the reacting substances (atoms, molecules 


— Aus * His 


Fat oy ZnChgg * Hayy) 


By increasing the concentration of reacting of 
Bre substances, the chances 
between particles increase due to greater number of p Ee asit 
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pence the rate of reaction increases. The rate of collision is directly proportional to 
te concentration of reactants 4 and A 


Rateofcollisio =e [A]IR] 

The rate of reaction is directly proportional to the number of collision 
geveen the reactant molecules per second, 

Rateofteaction c© Numberofcollisions per second. 


We may say that by increasing the concentration of reacting substances, the 
sateof collision increases which in turn increase the rate of reaction and vice versa. 
| Consider the formation of a product by the reaction of reactants A and B. If the 
concentration of reactant 4 is doubled, the rate at which 8 molecules collide With A 
molecules is also doubled. Likewise, if the concentration of reactant B is doubled, 
therate at which 4 molecules collide with B molecules is also doubled The reaction 
Second order overall. The rate of some reactions is directly proportional to the 
‘quate of molar concentration of reactants, 
By collision old bonds can be broken and new bond¢eih be formed. All the 
Gollsions of molecules do not give products. There are Wa types of collisions: 
(a) Effective Collisions (b) Ineffective Collisions 
Thecollisions which give products are called affective or: fruitful collisions. 


Thecollisions which do not give productsase called ineffective collisions, 
Three main conditions of this theory aré 


gE 
i 
| 
i 
E 
Hd 
i 


ition State 
high energy specie which is formed by collision of reactant molecules 
vated complex. Itis short-lived specie and decomposes into products 
7. lt has a transient existence that is why; itis also called a transition 
Amount of energy needed to convert the reactants into the activated 
(Transition State) is called activation energy (E). When molecules 
mnt of kinetic energy of colliding molecules is converted into potential 
M the slow down. If this potential energy is equal to or 
(325) 
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more than activation energy, then the molecules may be activated and the activ 
complex is formed, If this potential energy is less than activation energy, then 
molecules upon collision bounce back and do not form the activated complex anj 
the reaction does not occur. The activated complex has partial bonding of both ij 
reactants and products, When activated complex is formed, then there are ty 
possibili 
(a) ltmay reconstruct the original bonds and change back into the reactants; 
(b) Itmayconstructnew bonds and change in to products. 

Both forward and reverse reactions produce the same activated complex. Fi 
example, molecules A, react with B, to give product, AB. The activated complexi 
formed when molecules of A, collide with molecules of Bz. The activated compi 
has partially broken and partially formed bonds. In this process, old bonds 
broken between the reactants atoms (A-A and B-B) and cew bonds are f 


between the atoms A and B to produce the product (AB): d 
B pania 


t 1 
A i 
: + —— UNSERES + 
A A——^ 
(Reactants) (Aétivated Complex) (Products) = 


Figure 9.2: Activated Complex of Reactants A, and By 
‘The transition state (aetiVated complex) is always at higher energy sane 
the reactants and products; 
9.3.3 Activation Energy 
Die minimum amount of energy required which the molecules must veta f 
activated complex is called activation energy. It is represented by E, 1 ki 
joules orkilajoules per mole ( mot '). 
‘The reactants are not directly converted into products. They first gain 
to forin an activated complex and then this activated complex decompo d 
products. We can say that activation energy is an energy barrier (0r “°. 
between the reactants and products. The reactant molecules must cross! 
barrier before they can form the products, wl 
‘Crossing this barrièr is similar to carrying a ball to the top ofthe bl 
rolling down the other side. But ifthe ball will not reach at the top of ll 1 y 
back. Similarly, if activation energy is not provided, the reaction will noty 
the reactants will not converted into products. It can be best un 
(328) 
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energy diagram. d 


Action ery ice 


In case of exothermic rr 
tions, the potential en of Nd 


sans is higher than products. This | 

iifernceisshown by AH. Tostartthe =| | 
ration, We have to provide the 
rac E, E, to reach at the top of the 


harrier. 
In ease of endothermic 


rations, the potential energy of S 
camis is lower than products. This — ' euis UU powers CEPS M. 
difrence is shown by AH. To start the T ES 

reaction, we have to provide the 
‘nergy E, to form an activated 
complex. 


The activation energy for the | 
forward and reverse reactions is not 
sane for al reactions. For 
3 EG A activation 
“ergy for the forward reaction is less 
ilar of inem des able actin path and 
energy cu the products. On the other hand, the 

it of forward reaction 

the products are at higher ES level than that of reactants. For 
reactions, the activation energy for the forward reaction is higher than 

Ws verse reaction because the reactants are at lower energy level than that of 
"cis. On the the activation energy for the reverse reaction is lower 
pe urea action because the products are at lower energy level than 
De {sections which are exothermic in forward direction will be 


COSENilactivaion energies- 
: acis (Effect of Catalysts) 
Rion is not consumed in a reaction but alters the rate of chemical 
called Catalyst. In most of the cases, the catalyst increases the rate of 
(327) 


Py 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


catalysis. 

Catalysts not only play an important role in living organisms but they, 
play an important role in chemical industries too. In living organisms, the ch 
reactions are catalyzed by bio-catalysts called enzymes. In industries, the rg 
chemical reaction can be increased by raising the temperature of the reaction bi 
not economical. For example, the formation of ammonia by Haber process ia 
absence of catalyst is very expensive. The addition of catalyst makes the f 
of ammonia economical. That is, the chemical reactions that are catalyzed 
catalysts occur with reasonable rate at a much lower temperature and mae 
reaction economical. 


9.4.1 Characteristics of Catalyst 


I) The main function of catalystis to increase the rate of reaction by decreasing! 


reaction to produce the product in a short time. Tr the presence of a catalyst 
reaction occurs at higher<fate and at lower temperature. It change 
mechanism of chemici jahd A NeW reaction path is provided ole 
Inthis way, great cof reactant molecules can cross the lower ene" 
of reactionsinereases. For, example, oxygen EÉ 


v. 0) 
fermal decomposition of potagglim chlorate (KC 
ii 


2KCIOy,) ESL 2KCI, + 39457 


- m è asl 
On industrial senle rete an appreciable rate and 
high yield ofthe product, Hence; heraie ‘of deompositioncan e 
à of decompos ! 
: A. 


p————| 
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{pis clear from the figure 9.5 that the m 
catalyst lowers the activation energy 
andprovidesa new path to the reaction 
putAHremains same. 
i) The catalyst (MnO,) is not 
- consumed in the reaction as discussed 
earlier and can be recovered at the end 
of reaction. The catalysts recovered 
tan be used again, Hence, catalyst is 
rot written into the equation because it 
neither acts as a reactant nor as a 


[pps 
Figure 9.5: Effect of catalyst on activation ener 
product. It is usually written above the pmi nerit) 
amw. 


ii) A catalyst only reduce the time of equilibrium, it doé$ not change the 
equilibrium position of reversible reactions. 
iv) A catalyst has no effect on the total enthalpy (AH) of reaction. Hence, it can not 
srt those reactions which are not thermodynamicalt feasible 
|) A particular catalyst works for a particular reaction. A catalyst can catalyzes 
only specific reaction and cannot be used for every reaction. Change of catalyst also 
changes the nature of the reaction. For example, in the presence of nickel (Ni), the 
‘arbon monoxide and oxygen gases of water gas (CO+H,) react to produce CH, and 
HO while in the presence of ZnO catalyst, they react to produce CH,OH. 
C05) + 3H, — "ey H0, + CH ey 
C0, + 28, =A CH0H, 
| Tf iron coated alitnina is used as a catalyst, then the mixture of carbon 
‘monoxide, and hydrogen gases produce octane (gasoline). 
3 800) AGH, BAD, CHapt SHO x 
Catalyst can be deactivated by small amount of impurity. Deactivation of a 
ay small amount of impurity is called poisoning ofa catalyst, A substance 
" the catalyst is called poison. For: example, in contact process of 
+ the presence of small tof As,0, (impurity) in sulphur dioxide gas 
n A Catalytic behaviour of V;O, (vanadium pentaoxide). Here Arsenic 
i) The h) acts as a poison. P z * 
Catalytic behavior of catalyst can be increased by the introduction of 
(328) 
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another substance. A substance which increases the activity of a catalyst is c 
promoter or activator. Itis also called Catalyst for a catalyst. For example nig 
used as a catalyst in the hydrogenation of vegetable oil to ghee. The cag 
activity of nickel can be increased by using copper and tellurium. 

viii) Catalysts are more effective in a finely divided form (powder form) bezug 
high surface activity. For example, a finely divided nickel also called Raney 
nickel is used in the hydrogenation of vegetable oil to form ghee, 


9.4.2. Types of Catalysis 

Catalysts exist in different physical states; therefore, there are three types of 
catalysis on the basis of the nature of the rate increasing substances (i 
Homogeneous Catalysis, (b) Heterogeneous Catalysis, and (c) Enzyme Catalysis 


a) Homogeneous Catalysis 
In homogeneous catalysis, the reactants and catalysts are in same phat 
Homogeneous catalysis occurs either in gaseous phase or in the liquid (sola) 
phase, Consider the example of the formation of sulphuric acid by lead d 

| process. In lead chamber process, sulphuric acid js produced by dissolving $0} 
in water. The SO, gas is obtained by the oxidation of SO, gas. Such 
catalyzed by nitric oxide (NO). 


280 yg) + Oy — 2804) 

In this reaction both the reáctánts and catalyst are gases. 

Consider another example of the hydrolysis of an ester (ethyl acetate) 
presence ofan acid (sulphuric acid) ora base (KOH). 


CH,COOC HRS Hay, E> CHCOOH Cl 


Here both the reactants and catalyst are in solution. 


b) Heterogeneous Catalysis 

In heterogeneous catalysis, the reactants and catalysts are in different 
heterogeneous catalysis, the reactants are mostly in gaseous or in liquid st 
catalysts are in solid states. Heterogeneous catalysis most often involves P 
reactants which are being on the surface ofthe solid catalyst. The atoms 
the surface of catalyst are very reactive and provide a site for the reti? 
adsorption may either be physical or chemical, In physical adsorption, l^ 
are attached to ae surface by weak intermolecular forces 
in chemical adsorption, the reactants are attac we 

i mical bonding. The bonds in the mesi E 
may either be broken or weakened. The adco of reson on he 
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catalyst increases the concentration of reactants which in turn increases the 
xit reaction. Consider the manufacture of sulphuric acid by contact process. In 
jt process, sulphuric acid is produced by dissolving SO, gas in water. The SO, 
is obtained by the oxidation of SO, gas in the presence of vanadium pentaoxide 
y,0,) catalyst Mia 
p 2803+ Ox =—= 28044 
Here reactants are gases and catalyst is solid. 
Consider another example of the hydrogenation of ethene to ethane in the 
eofnickel catalyst. 
E occur Hyg s CH,-CH,,, 
Here reactants are gases and catalyst is solid. Most of the catalysts used in 
Inhsrial chemical processes are heterogeneous, because such catalyst can be 
'siyseparated from the reaction products to some extent. 


‘Table 9.4: The Uses of Some Heterogencous Catalysts 


- 
280, + 0, = 280, 


CH; «CH? H, —ÀCH, -CH, 
3H, = 2NK, 


T CO + 2H; ——+ CH,OH 


ANH, +50, —> 4NO - 6,0 


is h is cat by 
t fled enzyme catalysis. Each enzyme is produced in a particular living 
"57: a reaction taking place in that cell. Many enzymes have been 
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identified and obtained in pure crystalline state from the cells to which they by, 
However, the first enzyme was prepared in the laboratory in 1960, Some coge 
examples of enzyme catalysis are | 
i) The starch is hydrolyzed into maltose by diastase enzyme presentin they, 


2(C,H0,), + nH,0 —P*— n CH0 
(Starch (Malone) 
ii) ‘The maltose can be converted into glucose and fructose by maltase eng 
present in the yeast. 
CuHz0, + H,0 SS > CHO * CHOY 
(Maltose) (Glucose) Fg 


iii) The cane sugar juice can also be converted into iflucose and fructose] 
invertase enzyme present in the yeast. 


CgHz0, + H0 


» CO, C H0; 


(Sucrose) op (Obese) (Fractose). 
iv) Glucose can be converted into ethyl álcohol by the zymase enzyme p 
theyeast. 
CHO, BB+ 26H,0H. + 20, 


v) The urea is hydrolyzed into ammonia and carbon dioxide by urease “i 
present in the soya bean 
(NH,,CO S Ro —Y, 2NH, + CO, 


Soyabean 
Urea Ammonia. 


> The te constant (K) is a proportionality constant hat relates the rate of 
‘chemical reaction to the molar concentrations of reactants. The exponents m 
andnare called reaction orders for the reactants. 


~~ - TET rue ee a 
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productis called effective collision. 
> Catalyst is a substance that usually speeds up a chemical reaction by joy 
Activation energy. The catalyst is not used up by the reaction ang 
recovered at the end of reaction. 
> Theprocess by which a catalyst increases the rate of chemical 
catalysis.Catalysis may either be homogeneous or hetes 
homogeneous catalysis, the catalyst and reacting substances exist in 
phase while in heterogeneous catalysis, the catalyst and reacting subj, 


| 
| exist in different substances. E 
|> Enzymes are usually the complex protein molecules andare 
| living cells. They are also known as biological 
the reactions inthe living cells. 


Q.1. Fouranswersare given for each question. Select the correct one: 

i) Chemical kinetics deals with the study of: 

(a) Reaction rate (b) reaction mechanism. 

(c) factors that affect thenaction rate | (d)allofthem 
h ii) Theenergy ofactivated complex is: 1 
(a) Lower than. the energy of reactants and higher than the co? 
products. : 
(b) lower-than the energy of products and higher than the ef! 
reactants 
(c) lower than the energy of both the reactants and products 
(d) "higher than the energy of both the reactants and products hut 
ili) A substance that alters the rate of chemical reaction W! 
‘consumed in the reaction is called: 


bs 


(a) Catalyst (b)reactant 

(c) product (d) activated complex 

iv) Thesloweststep ina step-by-step reaction is called 

(a) Rate determining step (b) rate limiting step 

(c) rate controlling step (d)allofthem. dowi 


v) The rate of which reaction increases four times bY 
concentration(s) of reactant(s)? 


(a) Firstorder (b) second order 
(324) 
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third ord (d) zero order 
yi) Decomposition of N,O, is an example of: 
(à) Firstorder (b) second order 
(o)_ third order (d) zero order 
vii) Thecollision that results in the formation of product is called: 
(a) Fruitfullcollision (by effectivecallision 
(c) bothaan (d) ineffective collision 
viii) Which one of the following does NOT influence rate of reaction? 
(a) Concentration .— (b) temperature 
(c) catalyst. (d) activation energy 
iX) Theunitofrate constant order reaction is: 
(uses sis - ) mol 'dm's ' 
(c) mol"dm*s (d) mol dms X 
X) Which one of the following reactions is NOT «he example of 
heterogeneous catalysis? i 


8) 280, + 0, —%—> 250, 

b) CH, =CH; + H, —“-+ CH,-CHj 

c) CO+ 2H, —S9:29 , CHOW 
Wn = 


d) 280, + O, ==> 250; 


Fillin the blanks with suitable wOnts given in the brackets 
The change in the concentration of reactants or products over time is 
- (reactionráte/reaction mechanism) 
AL the beginning the instantaneous rate is than the 
average rate, (lower/higher) 


the activation energy of the chemical 

reaction. (decreases/increases) A 
¥i) he amount of energy needed for molecules to undergo reaction is 
—— (internal energy/activation energy) x 
Vii) The smaller the surface area of the reacting substances, the 
z isthereaction rate. (higherlower) — n 
Vill) Alkali metals (group 1A elements) react with water swiftly than 

ine earth metals (group IA elements) due to __ 
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QA: 
Q5: 
Qó: 
QJ: 
Q.8: 
Q9: 


Q.10: 


hat is reaction mechanism? Discuss the reaction mec! 


atomic sizes. (smaller/ 

ix) At room temperature, the rates of many reactions rc 

With every 10°C. rise in temperature ee ee 

number of effective collisions. (decrease/increase) ue 

X) A substance which increases the activity of a catalyst is call 
.(activator/inhibitor) 

Label the following statements as True or False: 

i) The neutralization of acids by bases is the example of slow 

reactions, 

ii) Order of reaction is predicted from a balanced chemical equation 

because the sum of exponents in the rate equation is equal tote 

coefficient of balanced chemical equation. | 

ii) For exothermic reactions, the potential energy of reactants is hight 

than the potential energy of products. 

iv) The activation energy is the minimum w} 

among the molecules of reactants are effective. 

v) The rate of both forward and reverse reaction increases y 

increasing temperature. « 

Vi) Itiseasytoignitethe match stich ln big log. 

Wil) Thereaction intermediate has temporary existence and is unstable 

Viii) The activation energy for the forward and reverse reactions sf 

forall of thereactions. 

ix) A substance which slows down a reaction is called inhibitor 

X) Aparticular catalyst works fora particular reaction. | 

What is chemical kinetics? What information it gives for the ches 

reactions? & 

What is meant.by‘the reaction rate? What are the usual units of 

rate? 3 

How can you differentiate between average rate and instantaneous 

chemieglreaction? ad 

Nae tle factors that affect the reaction rate. Discuss the effect 

‘conééntration, temperature, and surface area on reactionraleS- ,. yif 


Aen all the collisions 


reaction. 
What is order of reaction? What do you know about first ord gl 
order, third order and zero order chemical reactions? Give an 


each. 
Consider the formation of phosgene gas from CO and Ch: 
CO + Chip — —? COChq 

The initial rates obtained from three experimentsata given 
giveninthetable, 
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[tne | remm Ge |a 
[Ei | com | oo | L1xw" | 
il 0030 — | 0.0068 340x10" | 
3 905 | omo. | si0xi0" 


By using the data, determine (a) the reaction orders for both the reactants; 
the overall order of reaction and the rate law, and (b) the value of the rate 
constant at a given temperature, 

Q1: Define rate determin: clementary step, and reaction intermediate. 

Explain the significance of the rate dete step on the overall rate ofa 

multistep reac lion, 

Q113; Explain collision theory and give main conditions o 

xplainthe following 
(a) Rate law (b) Transition state (c) Activation energy 

QS: Explain how Activation energy influences the rate of'aléiríical reaction? 

O16: What is catalysis? Explain the difference betwéGR. homogeneous and. 
heterogencous catalysis. Give an example of euch 

QUIT: Whatis catalyst? What are the chara 

|. ofacatalyst on the activ 

QS: Describe some of the important indusifial processes that are dependent on 
catalysts, 

919: Explain the following statements: 

3) Thereaction of thick copper wire with hot concentrated sulphuric acid 
isslowand that of thin copper wire is fast, 

b) All collisions of reactant molecules do not result in the formation of 
Product, Give reasons, 

©) The rate expression for a reaction is determined from experiment and 
not from the balanced chemical equation. 

4) The rale of reaction can be increased without changing the 
leper 


nining 


nis theory? 


terisdes QFcatalyst? Whatis the effect 


£) The order of reaction is not necessarily equal to the sum of the 
coefficients in the balanced chemical equation. 

Catalyst is neithera reactant nora product. 
i) ieradioactive decay is the example of fist order reaction, 
j "second order and third order reactions have different units. 

Which sugar dissolves the fastest, the granular sugar or the powder 
Par? Give reason, 
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10:1 General Properties of Solutions 
10.2 Concentration Units 

103. Raoul’s Law 

104. Colligative Properties of Non-Electreyte în Solutions. 
10.5 Colloids 


ish them fi 


he students will be able to: 
fe List the characteristics of colloids and suspensions that distingui 


solutions. Applying) 
« Define hydrophilic andhydn 
ve of solutions. uid phase giving examples of compl) 


miscible and'immiscible liquid-liquid solutions: Cie | 
y: solubility 


bering) 


'ophobic molecules. (Rem 


e Explain the natu 


miscible, partial 
et of temgèfaure on solubility and interpret th 


e Explain the effes 
(Analyzing) 
ion cončcmration in terms of mass percent, molality, moii 


e Express soluti 
ion. (Remembering). 


nillion, billion'wnd trillion and mole f 


po 
e Define helerinscolligative (Remembering) | 
e Describe On a particle basis why a solution ha han 
DA Annis) jon has a lower vapor pressi 
. pea on Masi basis how the addition of a solute to a pure solvent 
‘elevation of the boiling point and d i 
Solution. (Applying) lepression of the freezing point? 
rani) 


e Describe the role of solvation in the dissolving process, (Unders! 

e Define the term water ofhydration, (Remembering). 

& Explain concept of solubility and how itappties osos aril 

e Distinguish between the solvation of io E 
(Understanding) mic species and moleci! 
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fing that has mass and occupies s 
substance (pure substan 


ce is called matter. Matter is of two types? 
and (ii) mixture (impure substance), Mixtures are 
fied as cither homogeneous (uniform composition throughout) or 
ygencous (different composition in different regions). Solut 

ous mixture of two or more than two differ 
jor molecules. A solution has at 


nt substances con: 


, We make or use solutions very often. In 
we drink a cup of tea which is the solution of water (solvent), 
(solute) and soluble extracts of tea (solute). Other common exkimples of 
lons are natural gas (homogeneous mixture of gaseous lower hydrocarbons), 
eline (homogeneous mixture of liquid hydrocarbons), soda water (solution of 
in water) milk, sca water, steel, shampoo, and the air we Sfeathe, The amount 
Solute in the given amount of solvent or solution is galled concentration of 

in. The solution which has relatively lesser amount Of solute is called dilute 

n and the solution which has relatively a larger amount of solute is called 
tated solution. For example, 5% aqueous solution of sugar is dilute than 
Afe aqueous solution of sugar, Likewise, the 10% aqueous solution of sugar 

eenrated than 5% aqueous solution of sugar. 

The solution of a substance in Water is called aqueous solution, Aqueous 
is are the most common solutións and play an important role in chemistry, 
n examples of aqueous solutions are sugar-water and salt-water solutions. 
Hons may bé gases, liquids or solids. There are nine types of solutions on the 
Physical states (i,e. solid, liquid and gaseous nature) of solute and. solvent, 

Table 104; Wpes of Solutions on the basis of physical states 


poH 
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" | Mercury in Silver (dental ama} 
| Cheese, Butler ——00— 
Gas | Gas Gas papies 
| p —Fsopri jr sel 
Solid | Liquid Liquid | vinegar. sea water 
E x Go tal alloys. steel, pearls, opals, 
Sod | d fee Brass (Cu/Zn), Soler ( 


o 


p pre. | Solid 


| Solid 


and non-polarsots 

hat are udi 
‘he common nat 
hexane, Vite 


are dissolved in nonspolar solvents. The conan poi 
laboratory are water, aggtone, meth; alcohol, and ethyl alcolinl. T 


polar solvents are ether, clo my carbon. letrachlorid., 
EE jJ 


benzene. 


10.1 General 


may have 


i) vent and a solute. ltn 


than two componediis/a sol 

i Asolution does not have fixed composition; that is, the rt 
different from solvent. 

ii) The golutes particles consist of ons or molecules. 

iv) Slitions may either be colourless or coloured and are usually ros 
V) he properties of a solution do not remain same when the ratio 
solvent is changed. 

1) The solute particles are uniformly distributed in the whole solution 
solution is homogencous throughout. The solute particles will not” " 
"lime The composition and properties ofthe every part ofthe solutionis" 
same as every other part 

vii) The solute can generally be separated from the solvent BY piel 
such as evaporation and distillation, 


o of saluece™ 
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| qu.L Solution, Suspension and Colloids 
Mixtures arc classified into homogeneous mixtures and heterogeneous mixtures. 
Homogeneous mixtures are further classified into solutions and colloids. 
Asolution is a homogenous mixture of two or more components. The solute 
particles of solutions are so small that they cannot be seen by the naked eye and 
microscope. Due to small size, the solute particles pass through filter paper and are 
+ notseparated from the solution by filtration, The size of solute particles ranges from 
y about O1nm to Inm. Examples of some common solutions are sugar in water, soft 
* drinks, gasoline, and air 
Asuspension, on the other hand, is heterogeneous mixture and the particles 
areso large that can be seen with microscope and can often be seen withthe naked. 
eye. Due to bigger size, the particles cannot pass through filter paper and can be 
Separated from heterogeneous mixtures. The particles of suspension are heavy 
enough and will settle out under the influence of gravity afte time, The size of 
particles is more than 1000nm. A common example of suspension is muddy water. 
Other examples of suspensions are soot, chalk powder in iter, sand in water, flour 
in water and milk of magnesia. Many of the medicinal solutions are marketed as a 
` suspension that are labeled as "suspension" and-ínstructed "shake well before 
Using”. You may be familiar with antibiotics thar are aqueous suspensions and are 
, Well shaken before using. The main purpose Of shaking the antibiotics is to mix the 
Substance uniformly ina solvent. 
A colloid (or colloidal dispersion) is also a homogeneous mixture of two or 
More components like solution. The word colloidal means "glue-like" and was 
Originally applied to. sticky substinces such as starch, gelatin and glue, We cannot 
the terms solute and solvent for the components of colloids becase th solute 
Particles are not dissolved in the solvent and is present in the form of tiny particles 
Hate suspended in the medium, We, therefore, use the terms dispersed phase for 
olute and dispersing medium (or continuous phase) for solvent, The dispersed 
Fre are present in lesser amounts than dispersing medium in colloids, 
"ples of colloids are milk, hair sprays, fog, smoke, clouds, butter, face cream, 
he 06, starch and blood serum, The dispersed particles are intermediate in size 
Coline ‘hose ofa true solution and those of suspension. The dispersed Particles of 
hien au re so small that are not usually seen by the naked eye and ordinary 
ive However, they can be detected by deu microscope. Due to 
ay al size, the dispersed particles pass through fi ten peperof large Pores 
Pare ^ settle out under the influence of gravity over time, The size of dispersed 
'Sabout2nmto 1000nm. 
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10.1.2. Hydrophilic and Hydrophobic Molecules 

Hydrophilic (adj.) (Greek = "water loving) molecules are polar and having affini 
for water. They have ability to form hydrogen bonds or ion dipole forces with - 
and are readily soluble in water. Hydrophilic substances are also known as he 
substances. Examples of hydrophilic molecules are sugars, salts (NaC), alc 
(ethanol). 

Hydrophobic (adj.) (Greek = ‘water hating’) molecules are non-polar and ar 
repelled by water. The word hydrophobic does not actually mean that they hai 
water but it means that they are unable to form hydrogen bonds with water andar 
not dissolved in water. They are dissolved in non-polar solvents such as ete 
carbon tetrachloride, benzene. Hydrophobic substances are also known as nos 
polar substances. Examples of hydrophobic molecules afe oils, fats, alkas 
(hexane), and greasy substances. 

What happens when we add a lump of sugar jd ater and stir it? The gr 
forms hydrogen bonds with water and is dissolved fiat happens when we addtall 
test tube of oil in another test tube containing Water? The oil does not mix wit 

water. Sugar is hydrophilic and oil is hydrophobic. 


‘The use of Soap and D 
‘The soap is generally 


il of the soap is hydrophobic. When we put soap i 
is attracted to water and the hydrophobic end is ° 
ic end that consists of long chains hyd 

‘Similar to oil is out of water and is attracted by other hy 
such as oil droplets and grease that are present at the sur? 
‘soap in this way forms an emulsion (colloid) with water W^ 
A elothes or greasy dishes to remove stain or dirt from the 
detergents also have molecules with a polar end and ano 


10.1.3 The Nature of Solutions in Liquid Phase 
Solutions may be gaseous, liquid, or solid as we know. But here w‘ 
Figuid solutions because they are in the interests of chemists a lots of po 
great significance occur in liquid solutions and are undoubtedly the m? q f 
and important. Liquid solutions are formed by dissolviné 
(342) 
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liquid, or solid in a liquid solvent. The proce 
called dissolution. Examples of liquid solutions are soda water, iodine tincture, tap 
sea water, house hold ammonia, brine, sodium-potassium alloy. Liquid 

solutions are the most common types that you found in laboratory of chemistry, 
super market and at your home. In our daily life we dissolve sugar in water to make 
tea, salt in water to cook food, CO, in water to make soda water. Soda water is an 

example of gas-liquid solution where carbon dioxide gas is dissolved in water, 

F Antifreeze is an example of liquid-liquid solution where ethylene glycol (a viscous 
hygroscopic liquid) is dissolved in water. Brine is an example of solid-liquid 

solution where NaCl (a solid salt) is dissolved in water 

Thesolutions of liquids in liquids are divided into three classes as follows; 

(a) Completely Miscible liquids 

(5) Partially Miscible liquids 

(c). Practically Immiscible liquids 

(à) Completely Miscible Liquids 

Liquids which dissolve in cach other in all proportiónd are called completely 

miscible liquids. For example: 

ʻi) Alcoholand water 


of dissolving of solute ina solventis 


water 


ii) Alcoholand ether 
iii) Benzene and toluene. 
iV) Phenoland H,O above 67°C. 


The properties of such solutions are not additive. Generally, the volume 
decreases on mixing but sometimés it increases. During the formation of. solution, 
litat may either be evolved or absorbed. Such solutions can usually be separated by 
factional distillation. < 
Partially Miscible Liquids 


lids which are slightly soluble in each other are called partially miscible liquids 


Bromine and water 
Phenol and water below 67°C 
Aniline and water 
When equal volumes ofetherand waterare shaken in separating funnel, then 
AO layers are formed: Each liquid layers a saturated solution of the other liquid. 
solitons are called conjugate solutions, Solubility of these conjugate 
tions is affected by temperature changes. 
(uj) 
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(e) Practically Immiscible Liquids 


| Liquids which are completely insoluble 
liquids. For example: 
i) Benzene and water 
ii) Carbon tetrachloride and water 
| iii) Chloroform (CHCI,)and water 
iv) Carbon disulphide (CS;) and water 


in one another are called immiss 
i 


| "The concentration of the solute in the solution when it is in equilibrium with 
solid substance at a definite temperature is called solubility. For example te 
solubility of NaClin 100g of water at 0°C is 35.78, 

Ttean also be defined as: 

The amount of solute dissolved in 100g pf-solvent to make a sation 


alled solubility; 


solution ata definite temperature is 
j  URitsofsolubility are: 
l 4)  No.ofgramsofsolute in 100g of solyent 


| di) Moledm* 
Various methods are used for tlie determination of solubility. One often 
)  givenhere: 


The saturated solution'of à solid mass is prepared at a constant tempert 
Then this solution is filtered: A Known volume of this solution is evapo s 
china dish and from thémass of residue, the solubility is determined. 

The extent of sdlubility of solute in a particular solvent depends 
of solute and solvent particles whether they are polar or non-polar, the temy 
at which thesolution is formed, and the pressure of the gaseous solute. 

The Navareof Solute and Solvent 

The intermolecular attractive forces that are present among liquids ande 
key role in the formation of solutions. The intermolecular forces will ot 
understand, why water dissolves table salt (or sugar) but not dissolve 

motor oil). A general rule of thumb that, “like dissolves like” is appli 
means that polar solvents dissolve polar solutes and non-polar solvents” 
non-polar solutes. For example, polar solutes such as NaCI and sugar?" 
in water (polar solvent) and non-polar solutes such as cooking ol! w 
not dissolved in water (polar solvent) 
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n NaCl an ionic compound is dissolved in water, the inter-ionic 
attractive forces among NaCI particles are overcome and they are split up into 
asiive and negative ions. Positive ions are attracted by negative pole of water 
molecules and negative ions are attracted by positive pole of water molecules, In 
This way all negative and positive ions are surrounded by water molecules. The 
cess in Which an ion or molecule is surrounded by water molecules is called 
hydration. In a broader way, the process in which an ion or molecule is surrounded 

* jy solvent molecules is called solvation, 

Sugar (sucrose) and water are soluble in each other because the major force 
between molecules is hydrogen bonding involving -OH groups. When they both 
are mixed, the sugar molecules that have -OH groups form hydrogen bonds with 
f water molecules and are dissolved. In this case each molecule of sugar (sucrose) 

sitys together as a single unitand the ions in the solution do not form, Thenon-polar 
solutes have London dispersion forces while water has hydrogen boriding that is 
why neither cooking oil nor motor oil is dissolved in water and float.ón the surface 
ofwater because they do not attract each other significantly 

Thenon-polar solutes such as cooking oil and motor oitate dissolved in non- 

polar solvents such as gasoline and benzene. The solutes atid solvents both, in this 
case, has the same attractive forces (London dispersion forces), that is why; they are 
soluble in one anoth 


We have main focus on solid-liquid solutions and liquid-liquid solutions , 
because the solutions of gases in water are unusual. 


114.1 The Effect of Temperature on Solubility - 
Ye have observed that the solubility of tea leaves, coffee beans or sugar increases 
Withrise in temperature and decreases with fall in temperature; that is, they are more 
ble in hot water and-less soluble in cold water, But the solubilities of some 
tances such as cerium sulphate and cesium sulphate decrease with rise in 
ture, D 


Solut 


f solute increases by increase in temperature and decreases by decrease 
But the amount of dissolved solute in the solution may decrease or 
erature ofthe solution, 
of Solids in Liquids Sun 
iei have strong attractive forces among their particles, The energy is 
l to overcome these attractive forces among particles of solids when a solid 
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is dissolved in liquid. The rise in temperature usually increases the solui y 
solids in liquids. For example, the solubility of sugar (sucrose) in 100g. Of Water a 
0°C is 179g, at 40°C is 238g and at 100°C is 487g. The solubility of some Solids like 
NaCl is little affected by rise in temperature. The solubility of NaCl in 100g of yg 
at 0°C is 35.7g, at 40°C is 36.4g and at 100°C is 39:2 
chloride increases only about3.5.0n — "9 
the other hand, the solubility of some 
solids decreases by rise in 
temperature. For instance, the 
solubility of cerium sulphate at 0°C is 
20,82, at 40°C is about 6.7g and at 
100°C is about 3.87g. The solubility of 
cerium sulphate decreases about 17g. 
The solubility curves are shown in the 
figure, The solubility curve is a 


y. The solubility of sodium 
7 


gs seas 8 


 Sohubity ig of satin 100 g 4,0) 


c j 
graphical representation betweeh © 10 20 30 4 80 40 70 f wn 
temperature and solubility of solutelin Tap eS ee 
pe z Fig. 10.1: Solublity of most comperi 
a particular solvent. increase by increasing temperiti! — 


Table 10.2: S6fbility in Gram of Solutes in 100g of Water 


‘The attractive forces among the particles of 
additional energy is not required to ove 
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icles of liquids when it is dissolved in another liquid. We can say that the rise in 
Mature usually does not affect the solubility of most of the liquids in liquids. | 
Gases in Liquids j 
Thereare weak attractive forces between gas molecules, so the additional energy is. 
gequired to overcome these forces among the molecules of gases when they are. 
disolvd in liquid such as water. The energy as heat is released when a gas is 
solved in water due to forces of attractions between gases molecules and solvent 
molecules. It means that this is an exothermic process and is favoured by fall in 
temperature. We may say that the solubilities sm in ee ene 


HeatofSolution = 
The energy changes duringethe formation "c "called energe 
— ae < Al 

Í The solution fo may, either be endotbeftic ‘or exothermic 


| The heat of solutions negative for an expthermic process andis positive for 
Ness at the intermolecular attraction 

ded to water, the 
dothermic process. 
"AH =+35.7 Id mol" 


Solubility oftthium chloride in waters increased by fall in temperature, 
bility of solutes that has negative heats of solution is usually raised by fall 
- By increasing temperature, the solubility of solutes usually falls in 
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dances af Room Temper 


Table 10.3; Heat of Solutio 


;COOHu, 


|... NiClgy eli 
NaOH), oe 
| KNO; | Clo 
i Nip 
JL. NBN. 
Er "WM 
NaNOw) 


Use of Cold Hot Pouches 
Heat is either given off or absorbed hen ionie substances are dissolved ia 


water. The endothermic solution process i&ased in the “instant cold pouches” adii 
kothermic solution process is used in tte instant hot pouches”. These instant col 


hot pouches are used in hospitals and at other places for the treatment ‘of minor injures 
sp INO, (€ 


y Pos. and bruises to reduce gwelling, In instant cold pouches, the NU 
NH,CI is packed ina stronger ba that is placed inside a plastic bag of water: When 
inner bag that contains aminonium nitrate is broken by squeezing, the ammont 
nitrate dissolves in Ihe water in the outer bag, In this case, the heat is ‘absorbed anil 

ah becomes cold, On the other hand, the hot pouches generally contains cach 
MgSO,), which on: ing in water, release heat and the pouch becomes hol ~ 


10.1,4.2_ The Effect of Pressure on Solubility 
‘The solubilities of solids or liquids are affected very little. 
by changing pressure tatis why the effect of pressure on the 

solubility of solids or liquids in liquid solvent is neglected. 
However, pressure has a great effect on the solubility of 
gases. The English chemist William Henry studied the effect 
of gases on the solubility of gases. According to Henry's law, 
the solubility of a gas in a liquid is directly proportional to 
the pressure of the gas above the liquid at a given 


"T 


temperature. - 
sxP c S=KP 
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ent, and Pis the partial pressus 
Thesolubility of the g: 


is doubled by doubling the partial pressure of the gas 
pove the solution and is tripled by tripling the partial pressure of the gas above the 
shuion, and so on. The solubility of CO, gas at one atmosphere in 100g of water is 
0169gat 20°C. The solubility of CO, gas will be doubled (0.338g) by doubling the 
ofthe gas to two atmospheres at same temperature 

k^ Suppose we have a gas in equilibrium with a solution at which the number of 
T molecules entering the solution is equal to the number of molecules leaving the 
$ solution. When the pressure of the gas above the solution is increased, the more 
1 molecules are forced into the solution. Thus, the concentration of the gas in the 
sition increases until the equilibrium is restored again; that is, the solübllity. 
inreises until the rate at which the number of gas molecules enteri::g the Solution is. 
uil to the number of gas molecules leaving from the solution. Thug we can say 


tht the solubility of gas in a liquid increases by increasing pressure above the 
solution, 


Figure: 10,2; This diagram shows the concentration of dissolved gas 
is proportional tothe pressure of the gas above the solution 


tion of solution means the amount of solute present in a given amount of 
Pin. We commonly deal with dilute (a solution which has relatively 


(34) 
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large amount of solute) in our daily life. $ 


loaded up with solute and cannot dissolve more solute at à given tempera 
supersaturated (a solution which has more of the solute than the usual many 
amount and are unstable), They are prepared at an elevated temperature or prea 
to describe the concentration of solution, But in chemistry lab we have to qug 
exact concentration of a solution; that is, the exac 


amount of solute in the gi 
amount of solution. Chemists use several different concentration units, ej 


which has its own benefits and drawbacks. The amount of solutes or solvents ii 
solution is generally measured in terms of volume, mass or moles and these unita; 
usually called concentration units, The concentration of solifión can be expres 


by percentage composition, molarity, molality, mole fraction, and parts per milli, 
billion and trillion. 


10.2.1 Percentage Composition 


The term percent means "parts per hundred"! The number of parts of solute pest 
in 100 parts of solvent or solution is called age composition. 
Itcan be expressed by four different ways: 


i) — Weight by Weight Percent (W/W %) 

The weight by weight percent also called weight percent or percent by welt 
percent by mass is defineds ihe number of grams of solute present in 100 gnil 
solution. For example; a10% W/W sugar solution means contains 10 g ofsi 
100g of solution. Thesolution has 10 g ofsugar (solute) and 90 g of water (sol) 


E Mass of solute. x" 
Youge by WERK = ass of solution (mass of solute + mass of soie i 
lie solute and solution masses must be measured in the same unit M 


rand ? 


Massofglucose = 2.5g 


Massofwater = 100g 


Massofsolution = 100+2.5 =102.59 


ght 
we Mass of glucose 


eightpereent oF glcosesolution * 100 


Mass of solution 
25g 

102.58 

2.45% 


*100 


oim the weight percent of sugar (sucrose) when 15g of sugar is added | 
joSSgor water? j 


Weight by Volume Percent (W/V %) ; 
Theweight by volume percent is defined as the number of grams of solnge present in 
{00m of olution, For example, a 10% W/V sugar solution means that 10g of sugar 
teach 100mL of solution, A 

Mageby weight -volume = . Mass of solute. 100 


Volume of solution wil) ^ 


The units do not cancel because the concentration unit of solute is always 
genin grams and that of solution is milliliters. Thjsconcentration unit is normally 
"sed whenthesolute is solid and the solvent or resulting solutions are liquids, 


Wofsolution =? 


m on. __Mass of NaOH in g 
E of solution = c TE solom gr * 0° 


20; 


pue 


Ee 


MORAT i HU WARASE ORS,(TOUSEEF AHMAD) 


The Volume by Weight Percent is defined as the number of milliliters of solu, 
100 g of solution. For example, a 10% V/W solution means that 10mL of aloha, 
water to make the total mass of the solution 100g. " 


Volume of solute 
% weht m 100 
ago by volume - weight Visa of sol x 


In this type of solution, we know the total mass of solution but we don 
know the total volume of solution. 

iv) Volume by Volume Percent (V/V %) 

The volume by volume percent (also called volume percent or percent by volume} 
defined as the volume in milliliter of solute in 100 nyüliliter of solution, Rr 
example, 10% V/V alcohol-water solution means that [mL of alcohol dissolved 
enough water to make the total volume of solution LOL. Keep in mind that 1 
V/V alcohol-water solution cannot be prepared by dissolving 10mL of alcoholit 
90mL of water because the total volume ofthe solution may not be necessarily qul 


to the sum of volumes of solute and solvent. 


Vol soluto 
Yoage by volume = TeiumeoFsolution < 


The solute and solutiori masses must be measured in the same unit; th 
milliliters. 4 


An alcoholic beverage has 25mL of ethyl alcohol. What is V/V 
beverage? ç 
^ 


wolibéofemylaleohol = 25mL 
Volume of beverage = 75mL 


Volume percent. =? 
Volume percent = Volume of ethyl alcohol 
Volume of beverage 


p Ó—áà 
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Exercise 3: E 


the V/V % of 0.250L of vinegar solution containing 12 
sacid. 


102.2 Molarity 
Molarity is the most useful unit of concentration in chemistry. The number of moles 
afsolite dissolved in one liter of solution is called molarity. It is denoted by ‘M’, 


‘The molarity has the units of mole Per liter (mol/L). The mathematical equation for 
| thecalculation of molarity is as follows: 
j 


No. of moles of solute (n) 
| Molarity(M) = —No- of moles of solute (n) - 
(M) Volume of solution in liter (V) 
Mass of solute in 1 
Molarity(M) = Eo somuein gam , Xd 
en Molar mass of solute ^^ — Volufüeof solution in liter 
In order to calculate the molarity of solution, the mürüber of moles of solute 
imithe volume of the solution in liters are required. Kéep in mind that a solution ofa 
ven molarity is prepared by dissolving the soluté in enough solvent to make the 
bulvolumcof the solution one liter, We are nof allowed to dissolve the solute in one 
lerofsolvent, because the total volume ofoution in this case might bea bit larger 
lun one litet due to additional volume of solute. If the volume of the solution is 
than one liter, then the molarity will be less than IM forthe solution. 


or: 


he Diis very useful to us because the numberof moles ofsohute dissolved 
fox tated by multiplying the molarity of solution with the volume of 
"V moles M 

of solute (n) = Molarity (M) x ‘Volume of solution in liter (V) 
J number of moles of solutes enables us to calculate the number of 
Eolo those problems tat involve quantticsin chemical reactions. 
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Table 10-4: Concen! 


Molarity of solution 
Volume of solution 


Moles of ethylalcohol 
Moles of etbyf alcohol 


Molarity (M) of solution. = 
M Volume of solution in dm 


c TM and0.50M solutions of glucose. 
n: 


Molar mass of glucose (C,H,40,) - 724 12+ 96= 180g mol 
is prepared by dissolving 180g (1 mol 


one liter of solution. 


ee somol 0 


p 
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1023 Molality 


Jie number of moles of solute dissolved in one kilogram of solvent is called 

pli. Tt is denoted by lower case *m'. The molality has the units of moles per 
gram (mol/kg). The mathematical equation for the calculation of molality is as 
fllows: 


Ni 
Molality (m) = —N9-ofmoles of solute _ 


Mass of solutein gram 1 


Molar mass of solute Mass of solvent in kilogram 
The one molal solution of a solute is prepared by dissolving one mole of 
| solutein one kilogram of solvent, 


| Molality (m) = 


For example, | molal HCI solution is prepared when one móle of HCI 
(365g) is dissolved in lkg of solvent. If we dissolve one mole- (60g) of urea, 
(NH,),CO in 500  (0.50kg) of water, the solution in hand will be ¥molal, 

Note that the molarity.of solution is temperature dependent but molality is 
temperature independent. It means that molarity of a solution changes slightly when 
‘emperature ofthe solution changes, but molality doesiiot. Hence, molality is more 
Convenient in those experiments that. involve temperature changes. 

The mass of one liter of water at room temperature is nearly equal to one 
kilogram that is why, in dilute solutions the number of moles of solute in one liter is 
‘bout equal to the number of moles of solite in one kilogram of water. Hence, 
Molarity is about equal to molality in dilute aqueous solutions. 


-— 
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Solution: 

Molality of acetone solution ? 

Mass of acetone 290g 

Mass of water 500g = 0.50kg 


Molality of , . Given mass of acetone „ 
olalityof acetone solution yiri mass of acetone Mass of 
90 1 


pa a 


58g 


=10m 


Molality of acetone solution = 


Practice Exercise 
What is the molality of solution that is made by dissol 
_ 750g of water? ill W MERE, 


10.2.4 Mole Fraction 
It can be defined as: 


The number of moles ofa particu 
all the components present in the solution is called mol 


*X* Mole fraction has no unit 
Number of moles of one 
Mole fraction (X) 
: number of moles of all the component 


‘The mole fraction ofa particular component can be: calculated as: 
Xa = = a BA 
4 na thy te I" 
i) Themoleffuctionofa particular component is always less than 1. 
ii) The sumofmole fraction ofthe entire components is always unit 
Rpt Xyt Xo 
Ifa solution has moles of NH; in 7 males of water, the mole fae 
is shown as Xn, and the mole fraction of water is shown as X, THEO 
"moles of ammonia and water inthe solution are (2 mol+ 7mol)* n 
mole fractions of ammonia and waterin the solution are calculated ast 


Jar compose divided by total number ole 
le fraction, It is denotell 


The mole fraction of ammonia = X= No-of moles of ammore; Ld E 
Total number of moles 10 
Total number of moles 


‘The mole fraction of water = 


Geka: 


<i 
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The sum of the mole fractions of both the components of solution is equal to 


one. 


Mole fractions are specially used for the calculations of concentrations of 
mixtures but not for liquid solutions because other units of liquid solutions are 
gexsally more appropriate. Mole fractions do not depend on temperature 


te the mole fraction of each component of solution prepared by 
olving 1.22g of benzoic acid (C,H,COOH), in 11.95g of chloroform 


= 122g 
= 11,95g 


Mak of benzoic acid = M88 of benzoic acid 
j Molar mass of benzoi 


‘> Teal number of moles 
_ Moles of chloroform, 


warts Per Million, Billion and Trillion 
Ae used for very dilute solutions in which solutes have very low mass 
LA These units can be used to express the amounts of pollutant gases in 
‘™purities present in the water, and the drugs in the human body. 

(357) 
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Parts per million 


The number of parts by mass (or volume) 
parts by mass (or volume) of the solution is called parts per million. It is. abbreviated. 
as ppm. One ppm is equal to one milligram of solute in one kilogram of solution ( 
ppm- 1 mg/kg). 


Parts per million (ppm) = 


y of solute present in one million (10 jy 


Mass of solute in grams, jos 
Mass of solution in grams 
“Volume of solute in mL, yos 
Volume of solution in mL 


Parts per million (ppm) = 


Mass of solute in grams >) gg 
Volume of solution in mb 
It is used for very low concentrations of the solution. The impurities ofi 
substances are usually expressed in ppm. For example, the maximum allo 
‘amount of arsenic in water is 0.05ppm. A concentration of 0.05ppm means 
you drink 10 lac grams of water, then 0.05g of those is arsenic and other 999% 


are consist of water and other minerals and contaminants, 
Table 10,6: The Maximum ANowabi¥ Amounts of Minerals in Drinking Water 


Parts per million (ppm) = 


Parts per Billion 
The number 6f parts by mass (or volume) of solute present in ome 


(1000millión) parts by mass (or volume) of the solution is called parts per! 
is abbreviated as ppb. One ppb is equal to one microgram of solute in one 


Se Jtisused for very low concentrations of the solution. 
7 (58) 
ia 


poH 
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parts by m 


rhe number of ne trillion (1000. 
ilion) parts by mass (or volu s called parts per billion. It is 
abbreviated as ppt. One ppt is equal to one nanogram of solute in one kilogram of 


solution (1 ppt= 1ng/kg). 
[7 Pars per trillion (ppt) = Massof'solute in grams soy oy 
I 
L 
l 


f 
E] 
EI 
3 
S 
a 


Parts per million (ppt) 


Parts per million (ppt) = 


_Brample 10.8 — ca 
is concentration of gold m one ler of sea ware i Dr What is the 
concentration of this solution is ppm, ppb, and ppt? 

Solution 


Mussofgold = 0.001mg = 0.000001g 
|Whmeofseawater = IL = 1000mL 


| 0,00000 
|| Concentrati = 
ientration of gold in sea water in pm z CR 


| E of gold in sea. sif; ppt 


Practice Exercise! 1 
[C RN 
Hd of table sugar is about 4 x 10g per liter of water. 
Peering cessation of table sugar in water of swimming pool in ppm, 


1 Ramis 

86, the ep François Marie Raoult (1830-1901) discovered a 
n, between the vapour pressure of pure solvent and that of a solution, He 

dthat the vapour pressure of solventabove a solution ofa non-volatile, non- 

“toe Solute depends on the mole fraction of solvent in the solution. 
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.1 Non-volatile, Non-electrolyte Solute in Vola! f. SI 
Raoult's law can be defined in three ways: 

i) The vapour pressure of solvent above a solution is equal to the product 
vapour pressure of pure solvent and its mole fraction in the solution fl 


p=P°X, 


Where, 

P is vapour pressure of solvent al 
solvent, and X is mole fraction ofthe solve 
ii) The lowering of vapour pressure ofa sol 
fraction of solute 


bove solution, P"is vapour pressure ofp 
ntin the solution. 
vent is directly proportional to them 


AP = PX, 
sure (AP) = P° =P 


Where, Lowering of vapour pre 
ds on tlie "number of non-volail 


The lowering of vapour pressure depen 
non-electrolyte solute particles (atoms, molecules, oF fons) in the solution but dosl 
not depend on the nature of the solute particles; that is, no matter what types ifi 
particles (atoms, molecules, or ions) are presentin the solution. 

iii) The relative lowering of vapour pressure (AP / P^) is equal to the ml 
fraction of solute. By increasing mole fraction of solute, vapour pressure 


solvent or solution decreases. 


APIP = X, 
The solutions that obey Raoult's law are said to be ideal. solutions, 
The relative lowering: of vapour pressure (AP / P^) has three properties. 


i) It is independent of temperature. 
ii) Itis proportional to the concentration of solute 
iii) It is constant when equimolar proportions of different solutes 


dissolved inthe same solvent. 
"The composition of vapours formed above a solution is different 


composition of liquid mixture at a given temperature, In order to obey the! 
Taw for the ideal solutions, the solute should be non-electrolyte and solution 


be dilute. ` 
10.3.2 When Both of the Components are Volatile 
According to Dalton's law of partial pressure, the total pressure ofa mixture” 
^ more volatile liquids such as petrol is equal to the sum of ci 
pressures of all the components (liquids) present in the ni 
(380) 


vapour 


| a 


soluti 
(liquid sott 
Poo = Pat Py essen tl) 


i Theindividual vapour pressures P, and P, are determined by Raoult’s law. In 
case of components A and B, it makes no difference which we call the solute and 
which the solvent. According to Raoulr's law, the individual vapour pressure of a 


icular component above a solution is equal to the product of the vapour pressure 
JF gitsmole fraction in the solution, 


Bm PRX. 


I P= Pe. Xp. 


By putting the values of P, and P, in equation (i) we get 
P, = PAX, TX 
Since, 
X *Xy71 
Ww X,=1-X, 
Therefore, 
P= Py - Xs) Xp 
R= Ph ~ PiXp eX. 
oF = FoXy~ FAX PR 
oR = Xah- B) + PR o? 
eher Representation of Raoült's Law 
onsi te following six solutions with their mole fraction and vapour pressi 
‘alucs in the table, &" Pai 
_ lable 10.7; Six solutiorie With their Mole Fraction and Vapour Pressure Values. 


‘of Sohtion 


OR 


pee 
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| 
| 


All ofthe above solutions have their own e Know 


a 
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ETTO 


total vapour pressure is equal to the sum of the vapour pressures of all i 


components present in the solution. err 
Whena graph is plotted between mole fractions of A and B; thats, X, andy, 


on x-axis and vapour pressures of solutions; that is, P5 and Pj on y-axis, thena 
straight line is obtained, 

The graph shows that 
component B is more volatile 
than component A. Hence, ithas 
high vapour pressure and low 
boiling point as compared to 
component A, The two dotted 
lines show the partial pressures 


ees eres ere 
ofthe individual components of X=) Gy 0-09 oe 02 04 oomh 


the solution. The vapour Figure 10,3(Graphical Representation of Rao 
pressure of the components 


increases with increase in its mole fraction in the solution. 


The total pressure is equáL'to the sum of the vapour pressures of tt 
individual components (P, = PR P3 ) as shown in the graph. | 
Deviations of Solutions. 

Only the ideal solutigns obey Raoulf's law. The ideal behaviour is shown by 
solutions which have nearly the same forces of attractions between the pari 
solute-solute, solute-solvent, solvent-solvent, Hence, the enthalpy chant? 

the formation of solution is zero. For real solutions, the forces of atri 
betwee the particles of solute-solvent are much stronger or weaker tha 
solute and solvent-solvent. Consequently, the enthalpy change may ci^ 


negative or positive. Therefore, a non-ideal solution shows two types of de 
from Raoult's law. 


Positive. 
A non-ideal solution inwhich solute-solvent attraction is weaker than sole) 
and solvent-solvent attraction shows positive deviation from Rand 
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ey 
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Inthistype of deviation, 
i} Vapour pressure of solution 


ig higher than its individual 


point of solution is 


lower than its individual 
* components. For example, the 
" polling point of the solution of 
* ethanol + water is 78.1°C which 
i lower than the boiling point of 
both ethanol (78.5°C) and water 
(100°C). 
Negative Deviation 
A solution in which solute- 
solvent attraction is stronger than 


* solute-solute and solvent-solvent 
attraction shows negative 


| deviation from Raoulr's law 
Inthis type ofdeviation: 


i) The vapour pressure of 


Solution is lower than that of it$ 
individual components. _- 

p The boiling point of solution 
| higher thag that of its 
‘individual components. For 
Sample, the boiling point of the 
Solution of Water + HCI is 
esc Which are higher than 


boiling point of both water 
MHC), 


Vapour Pressure 


© 02 04 gee os d 


Figure 10.4: Posilivé Deviation 
from Raols Law 


D 02. 04 06-08 1 


Figure 10.5: Negative Deviation. 
from Raovlt's Law 
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c 10,8: Difference Between Ideal and Non-idcal Solutions 
— Joss OTHER 
—RÓ mune = 
Raoult’s law is called non-ideal 


EE ——— = 
"The forces of attractions between them 


A solution which obeys Raoult's 
law is called ideal solution. 


The forces of attractions between 

the molecules of different molecules of different components 
‘components (i.e. solute-solute, are not same. 

solute-solvent, solvent-solvent) 

are same. 


The sum of volumes of individual | The sum of volumes of individual 


‘components is equal to the components is not equal to the 
volume of solution. volume of solution, | 
Vi + Va = Vaio Vit Va Vg 

[seri no enthalpy change = ihare i'an eniiapy change dri 

during the formation of solution, 
AH=0 E: 

Examples are: Benzene-Toluene, 

Benzene-ether E 


10.4 Colligative Properties of Dilute Solutions 


‘The physical properties of solutions that depend on the number of ‘solute partil 
s. ions or molecules) itrthé solution and do not depend on the kind of soh 


¢thiinol-Hexane, 


(atom: 
particles are called colligative properties, The word colligative is derived fiot 
Greek word, colligatus that means to bind together. Colligative properties of 
solution are: 
i) Lowering of Vapour pressure, 
ii) Elevation: of boiling point (Ebullioscopy), 
iii) Depression in freezing point (Cryoscopy) 
iv) Inerease in osmotic pressure. 

jt is important to keep in mind the conditions for colligative propert gj 
below: 

i il w 

i) Solution should be dilute; that is, the con 5 n should 
s than or equal to 0.2 M. icentration of the solutio 
ii) Solute should be non-volatile. 
iii) Solute shouldbe non-clectrolyte 
10.4.1 Lowering of Vapour Pressure 1 
Vapour pressure is e pressure exerted by the vapour in equi ™ 
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porte] 


jqudina closed container. A substance which has a measureable vapour pressure is 


solatileand a substance which does not have a measureable vapour pressure is non- 
wre, If a non-volatile and non 
ecrolyte solute is added to a solvent, 
dle vaporating tendency of solvent 
leculs from the surface of solution 
Thus vapour pressure of 
tion decreases. This is known as 
ene of vapour pressure. The 
pour pressure of a volatile solvent rw P. 
Tit fas a non-volatile solute is Figure 10.6: The addition of solite to the 
Hesse proportional to number of bl solvent decreases the evaporating, 
solute particles in the solution, desdetoy of Sof 


1 3 
Vapour pressure x ————__~_. 
No. of non-volatile solute particles 


means the vapour pressure of solvent decrease by inerse in the number of 
solute particles and vice versa. 

According to Raoult's law, 

The relative lowering of vapour pressure is equal to the mole fraction of 
soue, 

AP/ P? =x, 
Weknowiha, X, = 2 
Therefore, p 


AP n. « 

a a 

P omen ^N 

So, fora dilute solution, n, can be ignored in denominator, hence 
AIN a? 


Du 
Aswchiin, = W, / M, and m = Ws/M, 


Mens, 2 WIM, 
3 » W/M, 
P 2X LM, 


pom 
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The molecular mass of a non-volatile solute (M,) can be calculated by g, 


above equation. 


| 10.4.2 Elevation of Boiling Point of the Solvent 

The normal boiling point is the temperature at which the vapour pressure or 

liquid becomes equal to atmospheric pressure. Boiling point can be change 

I changing either atmospheric pressure or vapour pressure of the liquid. The presen 
of non-volatile solute in the solution decreases the vapour pressure of the agg 
and hence increase boiling point òf solvent. This is known as elevation of bly 
point of the solvent. The elevation of boiling point (AT,) is the difference betag 
the normal boiling point of pure solvent and elevated boiling, pointofasolution, 


AT, = Tisi] Toton 
Where, AT, is the elevation in the boiling point of Solution, Ty aui B 


boiling point of solution, and T, i the boiling point of the pure solvent, 
"The elevation of boiling point (AT, Jc directly proportional w th 


/ concentration of the solute in the solution (mofality) 
te AT, x m or 
| AT, = Kam : ®© 
d Where, 
I K, is called molal boilitig point constant or ebullioscopic constant. 
Weknow, « 
$ J^ Massof solute | 1 
Molality m= olar mass of solute Mass of solvent in Kg 


or 
x W, 
o 4 Cus 
Ún 7 uw 
By putting the value of'm' in equation (i), we get 
W 
7, = K, x 2 
| Se MM, 
2K x 3 
or Mare W j 


‘This equation can be used to deter E 
non-electrolyte solute in a volatile solvent. ne the molar mass of à 


J . (386) 
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Calculate the boiling point of the solution when 18.5g of phenol (C,H,OH) is 
dissolved in 500g of water. The boiling point of pure water is 100°C and the 
oiling pointelevation constant for water is 0.5 1°C kg/mol, 

Solution: 

Elevation in the boiling point ofthe water = AT, = 
Mass ofphenol = W, = 18,5g 

Molar mass of phenol (C,H,OH) = M, =72+5+16+1 =94gmor! 
Boiling point elevation constant for water K, = 0.51°C kg mol >) 
Mass of water = W, = 500g = 0.5kg Vg 


; 
4 


The equation for the calculation of AT, is: 
MK 


MW 
By putting the values, we obtain 


AT, = 0.51°C kg mol! x 1858 


(94g mol 1(0.5kg) 


ZELO 
dre. 


AM- 020C 


The boiling point of the solution is equal to the sum of the original boiling, 
_ | Pointand elevation in the boiling point of the solvent. 


The boiling point of the solution = 100.00° + 0,20°C = 100.20*C 


Practice 1 
‘solution is ade in which 100g oFethylene glycol (C\H,0,) is dissolved in | 
.. 890: of water: The boiling point elevation constant for water is 0.51°C 
‘yol, Whati the boiling point elevation ofthe water? What is the boiling 
Pintofaqueous solution? 


eai 


Key 

ls ee in Mind 
ee molality instead of molarity in boiling point elevation calculations because the 
lujg chet Solution does not change by changing temperature, but the molarity of 


D) 
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tants (K.) for Some Common Substances 


ENS 


| Formula 
T Aceticacid — — | CHcOOH TBS 
Acetone CH:COCH; 
[Aniline | CdiNE ———— 
Benzene | ca. 
Camphor [m 
Carbon disulphide | C$» 
Carvon terrachlorde | CCl 
Chloroform cuci 
Diethyl ether | CH,CHOCHCH, | 
| Ethyl alcohol mo — 7 
[ Naphthalene Cil = 
Nitrobenzene. CHNO; "o 


A solution const: 


Solution 


Boiling point elevati 
Mass of water 


‘The equation for the 
Es 
M2" AT, 


3 
pyputtingth 


point elevation and the 
E 6°C and 0/51 "Ckg/mol respectively. 


Elevation in the boiling, 


w 
e value, we have 


ists of 270g of solute dissolved in 250g 
boiling point elevation constan 


point of the water 


Mass of glucose =W, = 270g 
Molarmassofsolute = M, = ? 
ion constant for water = 


(368) 


it values for 


= AT, = 3.06°C 


K, =0. sI*Ckgmol" 
= W, = 250g = 025kg 
calculation of molar mass of solute is: 


pM—À— 


of water. Th: 


boll 
water It 


[1043 Depression in Freezing Point 
| The temperature at which the solid and liquid states of a substance\@xist in 
| spiliium with each other is called freezing point. It may also be defined as: the 


| temperature at which its solid and liquid phases have the same Vapour pressure is 
| called freezing point, 


The depression of freezing point is directly proportional to the 
“centration (molality) of the solution. 
Tce m 
* -" 
Wes ne j ^ id 
Yea lid moll freeing ointconstantorcryoscopicconstan, 
Molly (m) - __Massof solute, 1 
t Molar mass of solute Mass of solvent in kilogram 
mW og 


pepe E 
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By putting the value of'm' in eq. (i), we have 
AT, = K, x V 


or M 
NOW 


Themolar mass of solute can be calculated by this equation. 
Table 10.10: Molal Freezing Point Depression Constants (K,) for Some Common Subst: 


Applications of Freezing Point Depression and Bolling 
Elevation 


po 


E = i 
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the engine is not overheated. ) 
jj) Asalt such as NaCl or CaCl, is sprinkled on icy roadways and walkways in the 
winter to lower the melting point of ice and snow so that the water on the roads will. 
notfreeze at normal freezing point of water (0°C), 
iii) A freezing mixture (Ice + NaC! or KNO,) is used in making ice cream and kulfa. 
, Afreezing mixture lowers the freezing point of the solution well below the freezing 
pointof pure water and freezes the ice cream rapidly. 


l iv) Sea water has freezing point below 0°C because it is the solution and contains 
| higher concentration of various salts, 
| 


A salt solution is prepared by adding 58.5g of NaCl in 0.75kg of water. 

Determine the freezing point of the solution. The freezing point constant of 

| wateris1.86°C kg/mol and the normal freezing point of water is 0,00°C. 

Solution: A 

Depression in the freezing pointofthe water |. AT, = ? 

| Freezing point ofsolution = ? 

Mass of sodium chloride = W = 117g 

Molar mass ofsodium chloride (NaCl), M, = 23+35,5 = 58.5gmol" 

Freezing point depression constant fot water = K, = 1.86°C kg mol" 

Mass of water = Wy = 075kg. 

| Theeguation forthe calculation of ATjs: 

| i 

Hise A ic LA 
AT, = Ky * MW 


atre e 117g 
[Eie TSK mg 


g point ofthe solution is equal to the difference of the original 
ion in the freezing point of the solvent. 
ofthe solution = 0.00°C-4.96°C = -4.96°C 


(31) 


Resolution is prepared in which 51.2g of sulphur i placed in 0.22kg of caa | 
disulphide AT, value forcarbon: disulphide is3.45*C and: K,value for carbon| 


disulphide is 3.80°C kg/mol. Whatisthe molar mass of sulphur? 
$ l 


Solution: 
Depression in the freezing point 
Mass of sulphur 

Molar mass of sulphur =7 | 
Freezing point depression constant for carbon disulphide =K,=3.80°C 

Mass of earbon disulphide = W, = 0.22k8 

‘Theequation forthe calculation of molar mass of sulphuris: EU 


K; W 

Sot x st 

M: AT *w ES 

By putting the value, we have b 2d 

s 

me 380Ckgmol' , 512g c 
345C 0.22kg 4G 

M; 256g mol! sj 

Practice Exercise 11: > 

An aqueous solution of glyeerin contains 64.42 of gly 

water. What is the molar mass of the glycerin? The AT, 

207 CandK, value foeWateris 186°C kg/mol. 


Practice Exercise 12: 
Antifreeze contains 300g of ethylene glycol in 700g of water. Whi ist 
freezing poit of antifreeze? The molar mass of ethylene glycol is d 
constant of water i 186 kg/mol and the normal BeA% 
is00U'C. 


ofthe carbon disulphide = AT, = 3.45 
12g 


erin in 0,644K8 0 
value for water ® 


10.4. 

Osmosis is the spontaneous process whereby the solvent molecules 
jte 

v 


semipermeable membrane from a solution of lower concentration ofsolu ot 
concentration solvent) into a solution of higher concentration of solute | 
concentration of solvent). Osmosis takes place, when two solutions f: 
concentrations (a pure-solvent and a Soto) p e 5 
‘membrane. A semipermeable membrane is a thin es of material ^ 
Gn) 


Osmotic Pressure and Reverse Osmosis TA 
ssi 
pass 


pM 
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solvent particles to pass through it in the both directions and prevent solute particles 
through. The ra € of solvent particles from the pure solvent side 
the solution side is high enough, because ofthis, the quantity of liquid on the 
solvent side decreases and the quantity of liquid on the solution side increases; 
fence the concentration of solution decreases. Animal bladder, cell membraties in 
aecells of living things (plants and animals) and cellophane (a polymer derived 
fiom cellulose) are the examples of semipermeable membranes, Consider an 


experiment in which a 10% concentrated sugar (glucose) solution is taken in a 
dise funnel whose mouth is sealed 


vith a semipermeable membrane. 
The funnel containing sugar solution 
isllen place in a beaker of pure water. 
Inthe start the rate of flow of solvent 
(rater) from beaker into the funnel 
(sugar solution) is greater than the 
ne of flow of solvent from funnel to 
baker The solvent starts flowing 
‘from the beaker through the 
semipermeable membrane into the 
| ea solution side (funnel). 
Overtime, the volume of the 
‘ust solution increases in the stem øf- 
de funnel while the water level-i the beaker decreases. The process remains in 
‘Psntion until the pressure created by the weight ofthe water ‘on the semipermeable 
is enough to stop the upward flow of water. At this stage the rate of flow 
wile from beaker to fiine] becomes equal to the rate of flow of water from 
beaker sade solution level stops rising and the equilibrium is 
| Now the solvent flows at an equal rate in both directions across the 
ble membrane and the volume of the liquid on each side of the 
does not change. The amount of pressure required to attain equilibrium 
ic pressure. Osmotic pressure is defined as the pressure that must be 
ips. high solute concentration side to stop the flow of solvent through a 
ble membrane. It is denoted by capital pi (x). The osmotic pressure of 
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Where, M. is the molarity of solution, R is the general gas c 
(0,08206atm dm’ /mol K) and T is the absolute temperature. The osmotic reg 
expressed in atmospheres. The osmotic press increases by rise int 
concentration of solute particles in the solution at a specific temperature n" 


increases by rise in temperature and decrease by fall in temperature, Og, 
pressure depends on the number of solute particles in the solution but not ony 

of solute particles. The two different solutions of equal concentration havethe 
osmotic pressure. The solutions that have the same osmotic pressures are cle 
isotonic solutions. If the two solutions have different osmotic pressures, the uy 


Concentrated solution is called hypertonic and less concentrated solution (dis 
solution) is called hypotonic. 


‘Table 10.11: The Molarity and Calculated Osmotic 
Glucose Solutions at (298K) 


Pressure Values.of Variable Concent 


Some of the Interestitg Examples of Osmosis 
|) The leaves of plants give off water vapours that | 
D centration inthe leaf fluids. Water rises up from soil into la 
cat. trunk, branches andstem creating an osmotic pressure y! 
ii) Ifplafís are watered with salt water whose concentration is EI^. 
solution in the root, the roots will lose water. rather than absorb it. H^" 
become dehydrated and sooner or later the plants die. 
iii) The meat can be preserved by treating its surface with salt. The 
dehydrated and does not go bad and remain ina good condition fot! Pj 
there is no need of refrigeration for meat. The salt present on the Ty 
concentrated solution which is hypertonic to bacteria col: 
‘onthe surface of salted meat then tend to shrivel up and die. ify 
iv) You are advised never drink excessive amount of set pee 
badly damaged and you are in the middle ofthe sea. When seo WA 
salt solution) is taken into stomach and intestine, the 5e water © 
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consequence of dehydration thirst increases but not decreases because the body: I 


Josewater instead absorb it 
Revorse Osmosis 


The reverse of osmosis is said to be reverse osmosis. In normal osmosis, the solvent 
flows through a semipermeable membrane from a lower solute concentration to one 


__ofhigher solute concentration but in reverse osmosis, the pressure greater than 


osmotic pressure is applied to flow the solvent through a semipermeable membrane 


| fiomahigher solute concentration to one of lower solute concentration, The process 


of reverse osmosis is used to purify water. This process is particularly used to 
remove contaminates from sea water to make it fit for drinking. The world largest 
desalination plants are present in Saudi Arabia that treat salt water by reverse 
osmosis to produce fresh water and fulfill at about 50% requirements ofthe country, 


10.5 Colloids 
10.5.1 Types of Colloids 
There are eight types of colloids on the basis of phase 
(soli, liquid, or gas) of the dispersed substance and 
ofthe dispersing medium, 
ea acrosols may be formed when liqui 
lets are dispersed in à gas. Examples of liquid |dis 
sla fij niet andaerosl sprays Do oF amore) 
3) Solid aerosols may be formed when solid 
Particles are dispersed in a gas. Examples of solid 
‘rosols are dust, and smoke init. 
Liquid foams may be formed when a gas is dispersed in a liquid. Examples of 
liquid foams are beaten gg white, and shaving lather, 
12, 9d foams may Be formed when solid particles are dispersed in a liquid, 
Janls of solid foams are Styrofoam, and marshmallow, 
JL lsionsmay be formed when liquid particles are dispersed in another liquid, 
j) ce Ss ofemulsions are mayonnaise, and facecream. ——— 
Ù! may be formed when liquid particles are dispersed ina solid. Examples of 
vj 1 Putter, and jellies me 2 e i 
asd ‘ols may be formed when solid particles are dispersed in a liquid. 
1 fluid sols are pudding and ink. NR. 
Bay “ols may be formed when solid particles are dispersed in a solid. 
“Sofsolid sols are steel, and pearls. 


| (375) 


id |A colloid (or colloidal} 
lispersion) is a homogeneous 


of Col 
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Gas 
Liquid 
Solid 


Colloids in which the dispersing: pase is water may be classified 
hydrophilic or hydrophobic. A collojd- én which there is strong attractive for 
between dispersed phase and thé dispersing medium (water) is known P 
hydrophilic colloid. The examples of hydrophilic colloids are gelatin in water and 
jellies, A colloid in which tliere is a very weak attractive force between dis 
phase and the dispersing medium (water) is known as hydrophobic colloid: Ti 
‘examples of hydrophobic colloids are milk and mayonnaise. 


10.5.2 Properties of Colloids 

Some of the important properties of colloids are as follows: 

I) Colloíd are also homogeneous like that of solutions but borderline: Pis 

the particles of dispersed phase may be uniformly distributed meti 

particles of dispersing medium. A colloid is also known s Py 

dispersion because the particles of dispersed phase remain dise! 

dispersing medium but not dissolved. 4 

$i) The, colloidal: suspensions are olien Arinaticent (GF OEM al 

transparent. 

iii) Colloidal particles are intermediate in size: that i ee of 

particles is greater than the size of the ee es i 
(378) 
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joles have dimensions ranging from approximately 2nm to 1000nm, Particles 
| with diameters 0.01nm to Inm are true solution particles and those larger than 
| o00nmare suspension particles. 


in) The colloidal suspensions and truc solutions look similar to the naked eye, 

But the colloidal particles are too small that are not usually seen by the naked 
„eye and even with an ordinary microscope. However, they can be detected by 
P dectron microscope. On the other hand, the particles of true solutions are so 
[all that they cannot be seen by the naked eye and microscope but the 
P particles of suspensions are so large that can be seen with microscope and can often 
heseenvith the naked eye, 

5) The particles of colloidal suspensions are not settling out under the influence 
_ofgravty because their particles are in constant random motion, called Brownian 
motion, which keeps them from settling. This is due to small fized-suspended 
particles of colloids. The motion of colloidal particles increases by rise in 
temperature and decreases by increase the viscosity of the colloidal suspension. The 
motion of colloidal particles can be detected by ultra-microscope. 

i) The diffusion of colloidal suspensions is very slow due to large sized- 


si 
Hh particles of dispersed phase than thát-of solution which is fast due to 
pall size of solute particles. The suspensions do not diffuse. Diffusion is due to 
‘nian motion of particles which is more rapid for small sized-particles. 
Ï) Colloidal suspensions pass through filter paper but do not pass through 
“ipermeablemembrane, — 
Wii) One of the most important properties that distinguish colloids from solutions 
“its ability to scatter light, When a beam of lightis passed throughatrue solution, 
itsnnotsee the path ofthe beam of visible light because the light is not scattered 
setae offences, However, whenabeam of light is passed 
* colloidal suspension, we can see the path of the beam of visible light 
Pet light is Scattered by the dispersed phase. This phenomenon was first 
Thad Y the Irish physicist John ‘Tyndall (1820-1893), and is termed as the 
egg Consider the examples of Tyndall effects. The visibility of 
icr. Of'Cars is not better in the fogging weathers because the colloidal-sized 
funn 8 scatter the light. The particles of dust can easily be seen in abeam 
Wht in the sir of a room Because the colloidal-sized dust particles 


am 


c 
(a) (b) [7 


Figure 10.8: (a) Light passing through solution, (b) Light Scattering by 
Colloidal Suspensions, (c) Light Scattering by Colloidal Suspensions 


scatter the light, The sky looks blue because the colloidal-sized particles in thea 


scatter the light, 
Some of the properties of solutions, colloids and suspensions are compari 
the table 10.13. 


Homogeneous — | Homogeneous 


0.01 nm to 1 nm. | 2 nm to 1000 nm 


[afrectoflight| Cannot scater — | Scatter light 
light 


loudy (translucent) 
Do not settle down on standing 


| Transparency. 
Settling c. 
propertiekat 


phi 
ralterability | Non- bie 
Separation | The solute can be | The dispersed phase ean be 
separated from | separated from dispersing medium 
the solvent by | by semipermeable membrane; that 
evaporation and | is, cellophane and cell walls 


Non-filterable. 


distillation. : : 
Visibility of | Invisible by Invisible by naked eye and with an. | VES, 

f naked eye and | ord roscope Lu 
per UN microscope ALS 


E Wy See 


> 


1 


> Concentration is the amouritof solute dissolved in the given amount of solvent 
or solution at a given térmperature. The concentration of the solution can be 
“expressed by percentage composition, molarity, molality, mole fraction, parts 
Per million, parts per billion, and parts per trillion. 
substance which has measureable vapour pressure is said tobe volatile while 
A tibetane aich has o measurcable vapour pressure is sid to be non 


- Solution is a homoger 

" gases, liquids or 

“the solvent, The n 

tosolvent is called sol 

“solution (aqua means water). 

but clear and transparent. The solute 

cannot be seen by the: naked eye and microscope. 

Asuspension is a heterogene lixture and the particles are so large that can 
be seen with microscope and can often be seen with the naked eye; The 
particles of suspensions are large enough that they settle out under the 
influence of gravity, ir Aid s 

colloid is a homogeneous mixture of two or more components like solution. 
The dispersed particles are intermediate in size between those of a true 
solution and suspension and do not settle out under the influence of gravity. 
The dispersed particles of coll 5o small that are ot usually seen by the. 
naked eye and ordinary microscope. But can (be detected 

microscope. * - 

The solubility of solute is the maximum amount of solute dissolved in given 
amount of solvent to make a saturated solution at a given temperature. The 
solubility of solids and liquids in a solvent is usually increases by increase in 
temperature, In contrast, the solubility of gases decreases by increasing | 
temperature. The solubility of gases increases by increasing the pressure over 
‘the solution of the gas. 3 


is the flow of solvent molecules through a semipermeable membrane 
low concentrated solution toa high concentrated solution. — 
that is applied on the high solute 


Four answers are given for each question.’ Select the correct one: 
i) One molar solution has one mole of solute in the solution of. 
(a) 1000ml OIL 

(c) bothaandb (d) 10008 

ii) Which one of the following is more concentrated: 

(a) OIM (5)025M (0) 0.5M (d) 0.75M 

ñi) Which one ofthe following is the example of colloid: 

(a) Ink (b) milk of magnesia : 

(c) glucosesolution (d) soda water 

iv) The mole fraction of ethyl alcohol in the solution consisting 23g el 
alcohol and 3.2g methyl alcohol is: 

(a) 017 (b)0.37 (0) 0.63 (d)0.83 

v) Whichoncofthe followingis NOT soluble in water: 

(a) Benzene (b)phenot 

(c) ethylalcohol (d)táble salt. 

vi) Which one of the following is acolligative property: 

(a) Meltingpoint —\.(b)density 

(e) boilingpoint ^ (d)elevation in boiling point 

vii) Elevation of Boiling pointis directly proportional to: 

(a) molal concentration of solution 

(b) molal concentration of solvent 

(c) molar concentration of solvent. 

(d). molar concentration of solution 

viii) The solubility of which one of the following substances increas 
"rise in temperature: 


(a) CO,  (b)Ce,(SO,); (KNO, (dO; 
ix) Thesolution cools when water isadded: 
(a) KNO, (b)CuSO, ()H,S0, (aLicl 


x) Which of the following can NOT scatter light: 
(e) sugarin water (b)milkofmagnesia 
starchsolution (d) fog 


i Label the following sentences as True or False: 


RE TOR E 
Flin theta th suitable words given in the brackets: 

i) Theoxygen gasis — soluble in water, (completely /slightly) 
ii) The solubili - — by doubling 


the partial 


solute. (larger/smaller). 

Y) The concentration of solution of 

(0.1M/1 M) 

vi) The relative lowering of vapour pressure is proportional 

tothe mole fraction of solute, (direcily/ 

X 15% W/W sugar solution contains 15g of sugari 100g of 
« (Solvent/solution) 

viii) — is a process in which an ion or molecule is surrounded by 

solvent molecules. (hydration/solvation) 

D) The freezing mixture, which is used to fib&ze the ice cream, is 

prepared when — is mixed with ice (KNO;/AgNO,) 

x) A semipermeable membrane is a thin layer of material that allows 

——_Patticles to pass through it, Golute/solvent) 


i) AgClis completely solubléin water. 
iü) Glycerinis used as antifreeze in the radiators of automobiles, 


iii) The amount of NH,CI needed to make 500mL of 0.25M solution is. 
6.69g, X 


©) We can see tlie path of visible light when a beam of light is passed 

through colloidalsuspension. 

9 Bestenejg white is the example of liquid foam. 

S dinpurities of the substances are usually expressed in paris per 
i, 206 V/V. aloohol-water solution means that 20mL of alcohol 

SBKIVidixenpugliwaterto ote bee volume ofsolution 100mL. 

Vii) The heat is absorbed. ‘when sulphuric acid is dissolved in water. 

12) ;Asolution which can dissolve further solute on addition is known as 

Mlurtted solution, : 


le completely miscible solitions can usually be separated by 
factional iion 


types of liquid solutions? Explain in detail, 
the meaning of “like | 
Explain why tabl is 
; What is the effect of temperature on the solubility of liquids in liquids] 
solids in liquids? 
5 What is the effect ofthe pressure on the solubility of gases in liquids? 
What is the effect of the temperature on the solubility of gases in liquids? 
i What happens: x 


above the solution of carbone 


mated | 
ly cold but not hot? 

$ Why does a bottle of carbgsiated beverage effervescence when i 
uncappedthebottle? = ! 

: The carbonated beverages kept in closed vessel, why? 

Discuss and explain tbe heat of solution.The heat of solution s i 
negative or positiye Tór solution, explain, 

; What do you think, the rise in temperature will increase or decrease 


solubility of NH1,Cland NaOH in water? 

E olt about concentration units of solution? 5 
compositions ‘solutions in terms of weight by weight, weigh! 
,vühime by weight, and volume by volume percent. n 

Q20 What do you mean by molarity, and molality of solution? CHE 

^^ mathematical equations to calculate molarity and molality ofS 

Q21: The molarity of solution is affected by temperature change and? 
solution isnot affected by temperature change. Explain. 

Q.22;, Why the sum of the volumes of individual components js not 
equal to the total volume of solution? "m 

Q.23: What is mole fraction? Why the sum of components P 
solution is equal to one? ofall 

Q.24: Describe and explain the concentration uni ilion 
trillion. ion units, parts per mi! 


statements when solute is 


components of solution; that is, 


leviations from Raoul''s law; that 


E is positive and negative, h the help of graphs. 

Q28: What isthe difference betw. ideal and non-ideal solutions? 

QW: What is the meaning efine the term colligative 
property and name the four colligative properties of solution, What are the 
conditions for colligative properties? 

(30: The vapour pressure of a solution containing a non- volailesolutegativays 
lessthan that of pure solvent, justify, 

Q3I: Why is the vapour pressure of sea water less than that ofp 

Q32; How can you Scie he moms aln een 
solute ina volatile solvent? 

(33: Explain freezing point depression and boiling. nol levaton in your own 
words. Give applications of freezing point division and boiling point 
elevation, 

04: Explain osmosis, osmotic pressure, and teverse osmosis. Give their daily 
life applications. ce 

035: What iscolloid? Describe the typed properties of colloids, 

036: What isthe difference! between solution, colloid and suspension? 

937; Explain why a pos a colloid are considered as homogeneous 
mixtures while s mis considered as heterogeneous mixture? 

238; Whats he Tyndall effect? Give two examples ofthis effect. 

939; Define the fest fate and solvent, Identify the solute and solvent in the 
Solutions giy 
(9 10g OIM ETE 
(e) Sgofoxygen and 20g of nitrogen 
B aRLofvaterand 30m ofethanol 


lig, ©) Soda water 
E latothe weight percent of gold ring containing 2g of platinum and 7g 
‘Bold, 


P Glue the W/V % of 0.5 liter of soft drink that has 55g of dissolved 
mi dioxide gas, 


2: A cup of 200ml. of hot milk tea contains SOmL of milk. What is the YN 

ofthe tea? 
A solution contains 12.25g of KCIO,, dissolved in 5 x 10" g of waters 
is the molality of the solution? 

: How many grams of calcium chloride are required to prepare 0, 
0.025M solutions? 

5: If 15g ofurca (N,H,CO)is dissolved in 5 x 10 mL of solution, calc 

molarity of the urea solution. 

: Calculate the molality of each of the following solutions Gentaining: 
(a) 0.1 molofsolute in 0.25kgofsolvent ~ 
(b) 0.25 molofsolutein0.Ikgofsolvent A 
+ Calculate the molarity ofeach ofthe followingsdlutions containing: 
(a) 1.50molofNaClin0.50Lofwater << 
(b) 2.25 molofrock candy in4.S0Lof water. 
: A solution is prepared by dissolyifi 92g of toluene (C,H) in 3980 
benzene (C,H,). What is the mole fraction of toluene in this solution? 

: The bottle of one liter miíüeral water contains 78mg calcium, 
‘magnesium, Smg sodiuny arid Img potassium. Calculate the conc 
ofeach mineral in themineral water in ppm, ppb, and ppt. 

What is the boiliig point of the solution that contains 23.25g ofi 
(C, H;NH;) in .0.75kg of ethyl alcohol? The boiling point of pu 
alcohol is 78.26°C. The boiling point elevation constant forethy 


1.22°C kg/mol. : 
Q.51: A solutión prepared by adding 11.30g of an organic compound in) 
hé has AT, and K, values for ether 3.06°C and 202 M 


ively. ee ipe 
Q. 52 Calculate the freezing point of sugar. solution containing 8552: 
(Cj; H;O,) and2. -50kg of water. The K, value for water] 


MIT Energy in Chemical Reactions 
1.2 “Thermodynamics 

3 Internal Energy 
First Law of Thern odynamics 
Standard State and Stand: dE 
Heat Capacity 

Calorimetry 
11:8" Hess's Law 
11.9 Born-Haber Cy 


Thestudents will be able to: 

* Define thermodynamics: (Remembering) 

s, Classify reactions as exothermic or endothermic, (Understanding) 

® Define the terms system, surroundii, boundary, state function, heat, heat capacity, 
internal energy, work done and éxdhalpy of a substance, (Remembering) 

® Name and define the units of thermal energy, (Remembering) 

Relate a change in enthalpy to the heat of reaction or heat of combustion of a 

reaction. (Applying) 

Relate change in internal energy of a system with thermal energy at constant 

{emperature andéðnstant pressure, (Applying) 

*. Define bond, ciation energy. (Remembering) 

Use the experimental data to calculate the heat of reaction using calorimeter, 

(Applying) i 

Specify conditions for the standard heat of reaction. (Applying) 

Apply Hess's Law to construct: simple energy cycles. (Understanding) 

Descibe how hear of combustion can be used to estimate the energy available from 

foods. (Analyzin neat 

Explain pe diagram in terms of enthalpy changes of the reaction, 

(Bor Huber Cycle) (Applying) 
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The branch of chemistry which deals with heat changes during a chemical Teaction 
iscalled thermochemistry 
The ability or capacity ofa body to do work is called energy. There are pyy 
/. main types of energy; that is potential encrgy, and the kinetic energy, 
f The energy of an object due to its position relative to other objects or star 
in a molecule due to its chemical bonds is called potential energy, The water eif 
! behind a dam has potential energy because of its height. The potential energy 
j water increases when the level (position) of water in the dam increases and ihs 
potential energy of water decreases when the level (position) of water decreas 
This waterhas no kinetic energy because itis not moving . 
The energy of a system due to its motion is called\@netic energy. AN ik 
moving objects have kinetic energy. The magnitude of the kinetic energy of abut 
depends on its mass and velocity. The greater the velocity of objects, the higher 
kinetic energy or/and the heavier the objects, the higher the kinetic energy. Wie 
Í water is allowed to fall over the dam, its potential energy is converted into kineic 
V. energy. The kinetic energy of falling water increases when the speed of flow of 


water increases. Kinetic energy of the givest mass of water is directly proportion) 

ji the square ofits speed. 

CH ‘The SI unit of energy and heat is joule which is defined as: the amount 
y energy expended when a foree“of one Newton moves an object (body) of it 


X through one meter in the@ifection of force, Joule (1818-1889) was 4 Briti 
d scientist who probed work and heat. Joule is a small unit of energy; We therefor 
bx ge the unit kilojoule for energy (1K) = 10007). The non-SI unit of energy amet 
ii ich s used i rg soale is iori. tis denoted by cal and is defined s 
‘mount of enerzy required to raise the tem Mero 
15°C to4 58°C (Leal = 1000cal) perature of one gram of 3 
/Eiergy is very important for us on the earth. F c the food 
provides the energy in the form of heat to regulate. Ber p 
out all other bodily functions. The burning of logs, coal and natural g% 
energy in the form of heat to warm our homes. The burning of gasoline and UP jg 
ihe engine of automobiles provide energy to run engines, The energy rele 
burning of fuel is used o generate electricity which in turn is used to lig 
computers, refrigerators and other appliances. The main source of enet2Y jst 
sper thata large amount of energy comes from chemical reactions, 
"The transfer of energy between tw z 
Me ee 
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to another. When a red hot iron bar is placed in cold water, the temperature of the 
water increases, because the energy in the form of heat flows from iron bar (hot 
body) to water. On the other hand, the temperature of hot iron bar decreases, 
because the energy in the form of heat flows away from it to surrounding (water). 


This process of transferring of heat is continued till the temperature of the iron bar 
Becomes equal to water. 


11.1 Energy in Chemical Reaction 

Chemical ms may either be exothermic or endothermic, Those reactions or 
$ processes in which heat is evolved (from system to surrounding) arc called 
J exothermic reactions or processes (Greek: exo = outside; hence heat lows but), The 

burning of gasoline, coal, and wood are the examples of exothermic réactions. The 


other examples of exothermic processes are freezing, condensation; nd deposition. 
Some ofthe exothermicreactionsare:. | =. > 


CHa) + One) — 2H,0,,+ COL, AH = 4860.41 
Ci) + Ong) — CO, AW 73935111 
Amount of heat released is indicated by AH with negative sign because heat 
flows from system to surroundings, Majority-é£ reactions which take place at 
ordinary temperature are exothermic 
During chemical reactions old bonds àre broken and new bonds are formed. | 
Bond breakage is an endothermic procéss while bond formation is an exothermic 
Process, If the energy needed to break eld bonds in 
the reactants is less than the energy evolved by new 
bond formation in the products; then the reaction is 
xothermic, In this case “some of the potential 
‘ergy is converted dio thermal energy. The 
Potential energy ofthe products is less than 
eactants, that iswhy, the products are more stable 
than reactants: that is, the bond in the products are 
More stronger than those of the reactants. 
Those reactions or processes in which heat is absorbed (from surrounding to 
System) are: called endothermic reactions or processes (Greek: endon = within; 
6, heat flows in). The process of, ithesis in plants is the e; 
Sothermic reaction. The other examples of endothermic processes are nieltin 


üporation, and sublimation. See i 
[ Sis ad E 
E | Soles liawid~ gos 
T l Endo 
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surroundings. A thermos flask containing ho i tea. 
system. 
(388) 
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Nag) + O44—— 2NOp AH = +1805 

Amount of heat absorbed is indicated by AH with positive sign, because hey 
flows from surrounding to system. 

If the energy needed to break old bonds in the reactants is greater than jy 
energy evolved by new bond formation in the products, then the reaction, 
endothermic. In this case some of the thermal energy is converted into potenti 
energy. The potential energy of the products is greater than reactants, that are why 


the products are less stable than reactants; that is, the bond in the products ag 
veaker than those of the reactants. 
“The amount of heat evolved or absorbed when reactants:are converted iy 


products during a chemical reaction is called heat of reactin:lt may also calel 


chemical energetic. The equation which shows the argiliht of heat evolved 
absorbed during a chemical reaction is called thermochestical equation or eas 


11.2 Thermodynamics 

The study of energy, work, heat, temperature sd their relationship is kie 
thermodynamics (Greek: therm = heat; dinamis = power). It may also c 
with energy transformation; that is, the transfer of energy from one objet 
substance) to another. Chemists give preference to the branch of th 


that is, thermochemistry. i 
There are four laws of thermodynamics, but only the first lw 


thermodynamics will bediscussed in this chapter. ~ 
Some Thermodynamic Terms | 


System * 
Anything (substánce or mixture) which is under observation or experiment 
laboratory) iscalled system. 


Types of System l 5t 
i) "Open system: Tt can exchange both energy and matter (nes) 
surroundings. Examples are open reaction flask, rocket, and an unc 
tea, The energy and matter do not remain same in an open system. 
i) Closed system: It can exchange only energy but not the matter! (os 
surroundings. For example, a scaled reaction flask, a gas in acl 

is mostreadily study in thermochemistry. wi. 
ii) Isolated system: It can exchange neither energy mor pu 


pu 
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( Everything in the universe which is not part of the system is called surrounding. 


he system plus its sum 
| isomii univers, 
| : 


nding is called universe, It is different from the 


Universe = System + Surrounding 
: 

J The real or imaginary surface which sey 
called boundary. 


i) Suppose we have a cup full of ea, the tea is system, the cup and otherthings are 
soundings. The tea plus cup andall other things is universe. 


parates the system from surroundings is 


i) Suppose we are studying the thermal decomposition of P(NO;), Ina beaker, 
System: PINO) 
Surrounding: Beaker-+ Source of heat-+ every thing glee 
Unveme — : Pb(NO,),+ Beaker +Souree of heat Everything else 
States 


The condition of the system is called state-of system, The yanables such as 


lenperature, pressure, volume, enthalpy etc. describe the state of system, State is of 
wotypes: 


) Initial State of System: The state of system before it undergoes a change is 
lled initial state of system, Suppose we have a beaker of water, It has some 
Ec and volume, whichisits initial state, 


Final State of System: The state of system after it undergoes a change is 
td final state of system. Suppose we heat the water, as a result of this 
= perature changes: Its its final state. 
in State 
Thedifference between two states (initial and final states) is called change in 
lt, ‘orexample: 


Changein temperature (AT) = T;-T; 
| Changeinpressure (AP) = Pj- P, 
Changein volume (AV) = V,- V, 
Change inenthalpy (AH) = H- H, 
(989) 
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PIVEHS 
iil states of system and is independent 
rate function 


State Functions (State Variables) 
A property which depends upon ini 
of the path followed by thesystem is cal 

For example, temperature, pressure, volume, ent 
all state functions. The properties such as heat and work 
notstate functions. v 


11.3 Internal Energy 


The sum ofall kinds of energies (Kinetic and potential energies) of the component 
ofthe system (particles) isealled internal energy (E=PLE + K.E). Itig represented 
symbol E. The SI unit of internal energy is joule and non-Sl unit ìs calorie. Te 
internal energy depends upon motion of particles, „their arrangement | 
intermolecular and intra molecular forces. Intemal energy isthe sum of kinetic and 
potential energies as we know. Now we should know that, potential energy is die 
intermolecular and intra molecular forces wherea the kinetic energy is dot o 
translational, vibrational and rotational motions. 

KE = Evenson * Ersstacna + Enos 

‘Vibrational energy is due to vibrational motion, translational energy die 
translational motion and rotational enengy is due to rotational motion. 

The internal energy of a system cannot be measured. However chang 
internal energy (AE) can be calculated. 

AE-ECE . < 

Internal energy chátigé (AE) of a system is the amount of energy evolved 
absorbed by the systertfat constant volume. The change in internal energy b 


thalpy, internal energy are 
are path dependent andar 


portions: 
D. Anumber which showsthe magnitude ofthe change. 


i) Aunit which also. shows the magnitude of the change. 

i) Asighthat isused to give the direction. f 
IFTS positive, then E, is greater than E, (E, » E.) and if E is ne quive tet 

Jess than E, (E; > Ei). 

Keep in mind that the increase in the energy of the system ‘occurs wit 

deorebseinthe energy ofthe surrounding and vice versa. | 

‘An increase in internal energy: 

2  Cancause achemical reaction when tis enoughtobreakthebonds r 

ij) Can change the phase ofthe system; thatis, fusion or evaporation m 

iii) Can increase the temperature ofthe system which in tum increast* the 

energy of the system. 
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11.4 First Law of Thermodynamics 
First law of thermodynamics is the law of conservation of energy and is stated as; 
energy can neither be created nor sf but can be changed from one form to 


another form, It may also be defined as; (he energy lost by the system is equal to the 
energy gained by the surrounding but the total energy of the universe is always 


constant 


= AE sion + AE sarong = Zero 
The internal energy changes when a system cither gives off or gains energy. 
(heat). Similarly, the internal energy changes when a work is either done by the 
system on the surrounding or done by the surrounding on the system, The total 
change in the internal energy is the sum of work (v) and energy (q). 
AE-q*w 


This is the mathematical form of first law of thermodynamics. The internal 
energy of the system increases when work is done by the syster on its surrounding 
and vice versa. 


‘Work has to be done when: 
i) Weincrease the speed of car from 0 to 80 km/hoür. 
ii) We walk upstairs. 
iii) Welifta hammer, 
iv) Anelectron inan atom is forced to go away from the nucleus 
V). Acation is isolated from anion in anionic compound. 
vi) A fixed amount of gas is comprésséd in to a smaller volume under the influence 
ofan external pressure; thatis, the pumping ofair in the tyre. 
Inall of the above cases, the work has been done on the objects (system), hence 
thoenetgy (P.E.) of the objeéts increase, 
The work has to bedone when: 
i) Thestone throwsdown the mountain. 
il) Tears stream down the face. 
ii) Water flows down the hill. 
iv) Petrol burns inside the engine. * 
Y) The wood and coal burns inside the stove. 
Vi) The tyre of the car bursts. 
In these cases, the work has been done by the system on the surrounding, hence, 
‘he energy of the system decreases. 
The sign conventions for heat (q) and work (w) are as under: 
~The q is positive when system absorbs energy; that is, for an endothermic 
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Process and q is negative when system releases energy, that is, for an exothermig 
process, 
The wis positive when the work is done on the system by the surroundings 
and w is negative when the work is done by the system on the surroundings, 
The AE is positive when the system absorbs energy (heat) and AE is negative 


when the system loses energy. | 


Pressure-Volume Work 
The product of force and distance is called work 

Work (w) = Foree(F)x distance (S) -i i | 

Sl unit of work is joule. 8 à 

There are various kinds of work 
but in chemistry we most commonly 
deal with Pressure-Volume Work. Let 
us considera gas confined ina cylinder 
with movable piston as shown in the 
figure. The internal energy of the 
system is E, at initial state, A quantity 

of heat (q) is given to the system. The. 

internal energy of the system. changes 
from E, to E; and the piston moves 
upward. 

Tn the figure, A is the afea of the 

iston, P is the external pressure on the 

piston, Fis force pert the gas on 
piston and q is the heat absorbed by 
the gas. 

As pressure is force per unit area, hence: 


(a) inital (b) Final 
state um 


Figure 11.1: Pressure- volume Wok, sy 


Gi) 
Letus assume that, the gas expands. Asaresult of this, the piston: moves io 


h, (initial height) to h, (final height). The difference of these heights is equal to 


Ah = by - (iii) E 
We know en ie Volume of de gas ne cylinder is equal to cross 
area (A) multipliedby the height ofthe column ofthe gash). 
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Jes j 


AV SAX h (Area = length x width) 
By applying the initial and final states ofsystem, we pet 
"cai 6») 
M = Ax hy rs) 
Change in volume(V) is 
Bu RV us. m 


By putting the values ofequation (iv) and (v) in equation (vi), we get 
AVZ Aly r Ah, 


AV = A(h, - h) 

AV = AAh * eter (vii) 
By rearranging the equation (vii), we get 

Ah =AV/A (viii) 


Where, his cháhge in height or the distance traveled by gas due to force. 
Bypulting the values of equation (i) and (vin equation (i), we get: 
w = PA x AV/A 
W = +PAV 
(Positive sign shows that work bas been done on the system (gas) by the 
surrounding), 
As, w= PAV 
Therefore, 
AE=q+PAV 
Ifthe work is done by the system, then 
AE = (OR) AE-q-w 
q Heat Changes at Constant Pressure Š 
“at Content of a system is called enthalpy. It may also be defined as: the 
hey Eplus productof pressure (P) and volume (V) is called enthalpy, Itis 
byH, Mathematically, 
bet Py 
1t is impossible to measure enthalpy of a system. However change in 
(AH) can easily be measured, 
(883) 
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AH =H, ~ H, uus (i) 

H, =E, + P,V; 

H, =E, + PjV 

By putting the values of H, and H, in eq. (i) 

AH = (ES PV) - (E +P VO vessel) 
AH = (E; - E) H(P,V;-P.V 

AH = AE + APV 


or 


or 


or 


11.4.2 Heat Changés at Constant Volume 


or 


When Pis constant whereas the gas is expanding, then we can write, 
AH = AE + PAV 


AH = AB +w w (iii) Where PAV =») 
According to the first law of thermodynamics, 
AE =q-w 


By putting the value of AE in equation (iii); Wë get 
AH =q-wtw 


AH =q (à Amount of heat supplied) 
This relationsbip is usually written as, 
AH = qr 


Where, subseript p meahs constant pressure, 


Considera gas in a closed container, the volume ofthe gas is not changed meti 
AV -0 

According to first law of thermodynamics: 

AEX q- W 

WB = q - PAV 

As volume is constanti.e. AV = O, therefore, 

AE = q - PXO 

AE =q-0 or AE =q 


or 


(ga: 


This relationship is usually written as: 


AE = ay p 
v T de 
Where, subscript v means constant volume, All the heat given © 
s)is used to increase internal energy of the system. 
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11,5 Standard State and Standard Enthalpy Changes 


The physical state of substance at 255€ 


and at one atmosphere which is the most 
nte is called standard state. It is denoted by AH®, Where, A (delta) stands for 

change, the symbol H for enthalpy, and the superscript degree sign (°) for standard 
T sites. Hence, the AH?” means standard enthalpy change 


F The amount of heat released or absorbed (enthalpy change) during a 


f chemical reaction when all the reactants and products are in their standard states is 


stable: 


$ calledstandard enthalpy of reaction. I may also called heat of reaction, Itis denoted 
! by AH}, Substances are said to be in th 


standard state at I atm; hence weve the 
term “standard enthalpy.” Here the subscript "rxn" stands for reaction. Hence, 
isread as the standard enthalpy change of re: 


tion. Its unit is kJmoT". 
For exothermic reactions AH? values are shown by négittive signs and for 
endothermic reactions the AH», values are shown with positive signs, 


For example: 
2H, + 0, —> 2H,0 AH}, 7 7285.8 kImol! 1 
C40, — CO, AHS, = 739351 kImor' | 


The magnitude of AH is directly proportional to the quantity of reactant 
| consumed in the process (or to the quantity of product formed in the process). For 
example, 393,51k] of heat is prodiecd when | mol of carbon is burnt at standard 
“sites. Because the combustioit-of 1 mol of carbon with 1 mol of O, releases 
39351kd of heat, the combustion of 2 mol of carbon with 2 mol of O,releases twice 
“much heat, 787.001]. 
| 220a; AH, = -787.02 J 
ILS. Standard Enthalpy of Atomization (AHX, ) 
he enthalpy change when one mole of gaseous atoms is formed from the clement at 
"dard states is called standard Enthalpy of atomization, It is denoted byAH?,. Its 


lu 


MISKI mol, For example, the standard enthalpy ofatomization of hydrogen is: 


a 
Y2H ig ——> Hy any = anes 
Thestandard enthalpy of atomization of sodium is: 


Nay Nag AH, =107kJmol™" 
(395) 
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11.5.2 Standar 


inthalpy of Formation (AH; ) 
‘The enthalpy change when one mole ofa compound is formed from its elements iy 
theit standard states is called standard enthalpy of formation. It is denoted by 


AH? and its unitis kJmol '. 


C + 0, > CO; AH? = -393.51 kimor! 
Mg, + 204, — MgO) AH} =- 692 kJmot™ 
A negative AH? means that the compound is more stable than reactants, For 


example, CO, and MgO are more stable than their reactants, On the other hand, the 
positive AH? means that the compound is less stable than their reactants, For 
example, NO is less stable than their reactants. Consider the reaction. 

Nagy) + Og ——> NAg AH? = 690.37 kImol" 

The reaction which are exothermic in forward direction will be 
endothermic in reverse direction. The enthalpy, cliange for a reverse reaction is 
equal in magnitude to that for the corresponding forward reaction but opposite i 
sign; that is, heat of decomposition of a compound is equal and opposite to heat of 
formation of that compound, For example, the amount of heat released is 46.11 
for the formation of one mole of'ammonia. The amount of heat required Wi 
decompose one mole of ammonia 46. 11kJ which is equal to heat of formations! 
ammonia but apposite insign because the reaction in reverse direction B 


endothermic. 
Ny + 3h, A 2NH AH? - — 46.11 kmol 
2NH, — o N + 3H, AH? = 46.11 kmol 


Table La; Standard Enthalpies of Formation of Som 


Substance 

Glucose 

| Hydrogen chloride 

Methane E. 
Sodium chloride -| i E 

“mal 

Sucrose Cu Hsu — 
Water E 


pu——3 
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The enthalpy of formation of a compound will enable you to identify a stable 
compound. A compound is said to be unstable which has positive or low negative 


values of enthalpy of formation and a compound is said to be very unstable which 


pashigh positive values of enthalpy of formation, On the otherhand, the compound — 
“yuhigh negative values of enthalpy i Formation is said to be very stable. A 
1,53 Standard Enthalpy of Combustion (AH?) 
Theenthalpy change when onc mole of a substance is completely burnt in excess of 
oxygen at standard states is called standard enthalpy of combustion. It is denoted by 


AH}. lts unit is kJmol ". For example, heat of combustion of CH,, CO, and CO is 
shownby the reactions: = 


CH, + 20, —+ CO,+ 2H0, 
C + 0, — co, 

C+ 120, — co AHYA=110.5d mor! 
Table 11,2: Standard Enthalpies of Combustion of Some Common Substance at: 


154. Standard Enthalpy of Neutralization ( AH? ) 

‘enthalpy change when ene mole of hydrogen ions (H`) from an acid react with 
Memole of hydroxide ions (OH ) from a base to form one mole of water at standard 
‘ats is called standard enthalpy of neutralization. It is denoted by AH? . Its unit is 
Su Thestrongácids and bases are ionized completely when dissolved in water 


Hy o. Hi + Clg 
MOH, BE» Nagy + OH, 


flp, D! Mixing the hydrochloric acid and sodium hydroxide solutions, the 
Situation occurs: 


(51) iot Olga) HOW? Mg Chao 
cem 


i 
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x Waler Th 
sodium ions and chloride ions remain as such. Hence, the actual reactionis: 
Hia + OH + HOn AH, = -$7.4kimor! 


The heat of neutralization of any strong acid with any strong bass y 
approximately equal to -574kJ/mol, because the reaction involves only jy 
combination of hydrogen and hydroxide ions. 


11.6 Heat Capacity 
The amount of energy required to raise the temperature of an object or a sig; 
by one degree Celsius (or one Kelvin) is called heat capacity. It is denoted by C 
unit is joules per gram per degree Celsius (J/g 'C) or joules pep mole per dee 
Celsius (J/mol °C). Itis measured at constant pressure or constant volume, 

Heat capacity may further be classified into specificat capacity and makr 
heat capacity. % 


of one gram of water by one degree Celsius and 0.45 Joul 
Taise the temperature of one gam of iron by one degree Celsius; 
about nine times more heafto raise the temperature of one gram of water 6) 
degrec Celsius as compared to iron metal. It ean be determined experiment? 
measuring the temperature change (AT), the mass of substance and quantity aM 
released or absotbed. The following equation is used to calculate the specife 


A EN 
C ax aT 


x i i ‘ 
Acre: Cis the specific hent capacity, mis themass ofa subsane g 
tange intempertfare, and ia tho amount othest released or abe" 
positive for an endothermic process and negative for an exothermic pro^ 

"The amount of energy required to raise the tem fa S at 

r perature of 

equal to the product of specific heat, mass ofa substance and rise in te 4 

q- Cx mx AT 

As C, is the specific heat capacity, b ps 

$ j, by taking mass constant, 

heat (q) released (or absorbed) by an object (or a substance) is directly 
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ofanobject. 
The amount of energy required to raise the temperature of one mole oF a 
substance by one degree Celsius (1°C) or one Kelvin (1K) is called molar heat 
capacity, Itis denoted by C,,. its unit is J/mol °C, 
The specific heat capacity ofa substance can easily be converted into molar 
heat capacity by multiplying specific heat capacity of a substance with its molar 
muss. 
_ Molar heat capacity = Specific heat capacity x molar mass of a substance 
Every object or substance has its own heat capacity: 


Tibe 113: The heat capacities of some common substances and objects at room jgapperature 
©) 


ESTER 
[Carbon teirachloride() 
~ | Ethanol 0) Ad 
Ethylene glycol (2) _ 
C 


The water has high value of specific heat capacity, hence 
i) Itplays an important role in regulating the temperature of the earth, 
+!) Ttisalso used in the radiators ofautomobiles as a coolant. 
Ti) It keeps our body température constant to a certain degree. Hence, our body 
‘weds much energy: transfert increase or decrease the temperature of our body. 


117 Calorimetry 
The measuremegt of heat of reaction is called calorimetry. The amount of heat 
‘eased or absorbed (AH) during a physical and chemical process can be measured 
Mitha device, known as calorimeter. For example, a calorimeter is used to measure 
heat ofneutralization of a strong acid with a strong base and heat of combustion + 
“organic compound burnt in oxygen. There are two types of calorimeters, 
Simple calorimeter 
Bomb calorimeter 
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D) 
It consists of an insulated container | 
with a thermometer and stirrer. It can 
be used to measure heat of 
neutralization of a strong acid with a 
‘strong base and heat of solution. The 
known quantities of reactants are 
placed in the calorimeter. The amount 
of heat released or absorbed during a 
chemical reaction is calculated from 
the temperature change. Knowing the 
mass of reactants in the calorimeter, 
the specific heat of the reaction 
mixture and the temperature change, 
we can calculate the heat of reaction. 
using the equation: 
q = GxmxaT rpm 
Because the pressure inside the Ê- Figure 11.2: Simple Calorimeter 
calorimeter is constant (1atm), hencé: , 
heat change (q) for the process is equal. 
to enthalpy change 
q -AH,- C, x morAT 
The heat of neutralization ofa tiemanaw 
strong acid with q.strong base is n 
calculated by simplécalorimeter. 4 m 
* €———— $ 
ii)" Bomb Calorimeter i 
Tt Consists of ai insilated steel vessel 
called a bomb. It has an ignition coil 
and platinum cup inside the bomb. wue 
"he Bomb has an inlet valve for adding 
‘oxygen and electrical leads for the 
ignition of mixture: Ttis generally used 
io measure the enthalpy of combustion. 
of food, fuel and other compounds: 


The known quantity of a LLL 
sample is placed in a small platinum Figure 11.3: Bon C 


(400) 


p— 


NES — 
MDCAT BY FUTURE DOCTORS (TOUSEEF: 


cup inside the bomb. The bomb is sealed and oxygen is added in through an. 
valve until the pressure inside the bomb is about 20atm.. The bomb is then placed in 
an insulated steel vessel containing known mass of water. The initial temperature of 
water is noted by thermometer. The sample is ignited by passing an electric current 
through the ignition coil. The heat evolved during the combustion of sample raises 
the temperature of bomb, water and other parts of the calorimeter. The rise in 
temperature of water is noted after every 30 seconds. Knowing the mass of sample 
inthe calorimeter, the heat capacity of the calorimeter and the t 
temperature change, 

wecancalculate the heat of combustion by the following equation: 


q 7 C, xm x AT 


» temperature. 
| siring the reaction mixture is 27.25°C. The specific heat of water is 4.184 J/g°C 
| nd the density of solutionis 1g/mL. 


=T, 72 = 2725*C - 25.00°C = 2.25°C 


volumeofsolution = 50mL+ St =100mL 


A Dessins volume = 1g/mL''x l00mL - 100g. 
— SOmL.—. x0.SmolL'=0.025mol 


1000mL L 


NaOH; 


2v 


-37.656kJ/mol 


f 


11.8 Hess's Law of Constant Heat Summation 
Consider the formation of two moles of carbon monoxide from two molesof ig 
and one mole of oxygen. | 

2C (Graphite) t Ore x 200.9) 

"The enthalpy change for this reaction cannot be fneasured directly aj 
the CO gas is the major product, because the CO gas formed during th ran 
further reacts with oxygen and forms some CO; ‘gas. The enthalpy change fcis 
above reaction can be measured indirectly using Hess's law. 

In 1840, the Swiss chemist German Henri Hess ( 1802-1850), a profesad 
St. Petersburg university, Russia formülated this law. He is — 4. 855 
known as the father of thermochemistry. Hess's law states 
that the enthalpy change during chemical reaction is same Ay, 
whether reaction takes place in one step or in a series of 1 
steps. Enthalpy is a stáis function; hence, its change is c 
independent of thecpath between initial and final states. ee 
Consider a general reaction in which 4 is reactant and D is product. inthis 
is converted io D by direct and indirect methods. In a multi-step reali 
are intermediate states. ol 

"According to Hess's Law, the enthalpy change for the overl p" 
equi to the sum of the enthalpy changes of the individual steps int 
reaction. 

AH = AH, + AH, + AH, 

Applications of Hess's Law 
The enthalpy change (heat of formation) of methane, ethyne, CO, o 
alcohol etc. cannot be calculated directly. They can be determined 
using Hess's law. Some examples of Hess's law are: 
Formation of CO, 
“The formation of CO, takes place by two methods: 

(402) 
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Direct method: 
c+ 


0, — co, AH =~393.51kimol™ 
Indirect method: 
C + 1/20; —+ co AH, = — 110.5kJmol™ 
CO + 120; — co, AH, = ~283.0kImol"! 
CTED; — co AH = =393.5kJmol" 
> The enthalpy change remains same whether reaction takes place in one step 


orinseveral (many) steps, 
> Formation of Sodium Carbonate 


Intakes place by two methods: 

Direct Method: | 
2NaOH + CO; —> Na,CO,+ Ho AH =< 89,08kImol™ 

Indirect Method: 
NaOH + CO, — + NaHCO, ‘AH, =~48.06kJmor! 


NaOH + NaHCO, —+ Na;CO,* Hj0° AH, =~41.02kImor! 


2NaOH + CO, — —> NaCO HO AH =~89,08kImot! 


The enthalpy change remains same whether reaction takes place in one step 
orin several steps, 


11.9 Born-Haber Cycle 
The Born-Haber cycle was developed by the German physicist Max Born and. the 
German chemist Fritz Haber to, calculate the lattice energies of binary ionic 
Compounds such as MX.The Born-Haber cycle states that the sum of all the 
‘athalpy changes ig always equal to zero. Itis a special application of Hess's law. 
Calculation of ‘Lattice Energy of NaCl 
formation of NaCl occurs by two methods: 
‘rect method; 
‘One mole of sodium combines with half mole of chorine to produce one mole of 
"CL The amount of energy released when one mole of NaCl is produced from its 
"ementi is called heat of formation of NaCI. The heat of formation of sodium 
orideis 41 | fimo, 
Nag + MC, ——> NaCl, Hy =—411kImot 
(403) 
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A Indirect method: 
Lattice energy of compounds cannot be determined directly by experiments, cay 
be determined indirectly by means of an energy cycle because an ionic compound 
thought to be formed in a series of steps. 
‘The energy triangle diagram for NaCl is: | 
Nau +1 Chyyg, 9 Nau + Chey 


sai? i i 
SK P i 
NaCl, 


i M : 

" | The complete energy cycle called Born-Haber cycle for the formation af | 
i bust Nu +} Chg aC 

PEL 3 +: 

o Nag — 465 Nig 
} We can calculate the latticé energy of NaCl with help of five steps litt 

NUI given below: 

"ay j) One mole of solid sodium is directly converted into sodium vapous: T 


fe. process is called sublitnation. It is an endothermic process. The ental 


i sublimation for sodium is 107.7kJ/mol. 
Ro Nay) — aT Mig AH} = +107.7kJ/mol 
ii) One mole of sodium ions are obtained by the ionization of one mole of 
sodium atoms. It is an endothermic process. The enthalpy of ionization fot* 
j is 496kJ/mol. This is the first ionization energy of sodium. 
No —— Neto * 1€ AH; = 4496.0k]/mol 


iii) One mole of chlorine atoms are obtained by the dissociation of half 
gas. It is also an endothermic process. The enthalpy of atomization fo 
121.7 KJ/mol. 1 
M Cl —— Clo AH; = + 121,7kU/mol 
iv) One mole of chloride ions are formed from chlorine atoms by the 


electrons. It is an exothermic process. The enthalpy of ionization fof 
is 349 kJ/mol. Thisis the electron affinity ofchlorine, 
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l ee —— cu AH, = ~349.0kS/mol 

Lo) Onemole of solid sodium chloride is formed by the combination of one mole of. 
sodium ionsand one mole of chloride ions, This is the process of lattice formation. It 


isan exothermic process. The amount of energy released during the formation of 
NaClliscalled lattice energy. 


Nay + Cl, ——— NaCl, AH, =? 
We cannot determine lattice energy direct] 
Hess'slawas: 
AH, = AH; + AH} + AHS + AH; + AHS 
411 = 107.7 + 496.0 + 121.7 + (~349.0) + AHS y 
741 = 725.4 — 349.0 4AH; 
-411 =376.4+ AH; 
AH; = -411 -376.4 = ~787.4kJ/mol 
The lattice energies of other compounds can be caledlated in the same way. 


ly. It can be determined by using 


information: 

j Theenthalpy of formation for KBris-392.2k3/mol 
Heat of sublimation for potassium is 89kJ/mol 

iil) The ionization energy for potassium is 419kJ/mol 

3) Theenthalpy of atomization for bromine is 112kJ/mol 


Calculate the lattice energy of KBr withthe help of the = 
3). The electron affinity ofbromine is -324kl/mol | 


] 


potente) 


to first 
constant and the internal 


The enthalpy change 
reactionitis positive. 
“The amount of heat evolve 


Four answers are given foreach question. Select the correct on, 
The study of heat changes that accompany à chemical i 


(b) electrochemistry 

í 2 (d) chemical kinetics. 

“i f heat: 

(@ Joue ()Kelvin  (o)calone “onic 
Gi) Anything which sunder observation or experiment i ie 
(eines (boundary (system _ (a) suum 


(d) enthalpy of the system 
(vi) Internal energy depends upon: 
(a) Intermolecular forces (b) intramolecular forces 
(c) motion ofparticles (d)all ofthem 
(vii) The enthalpy change is positive for: 
(a) Combustion (b) exothermic process 
(c) ionization energy (d) electron affinity: 
(viii) One calorie is equal to: 
(3) 4.184J(5)41.84J (c)4i8.4)  (d)418307 
(ix) The heat of formation of carbon dioxide is: 
() 3.9351kJ/mol (b)39351J/mol 
(c) 393.51k]J/mol 4) 3935. 1kJ/mol 
(x) Whichoneofthe followingis NOT a state function: 
(a) Temperature E (b) work 
(c) pressure <> @intemal energy 
Fillin the blanks with suitable words given in the brackets: 
(i) The maj Of reactions which give stable products: are 
ndothermic/exothermic) 
when the work is done on the system by the 
surroundings. (positive/negative) 
(ili) The energy of Mec is during an endothermic 
Process. (decreased/increased) 
(ivy Melting of ice is an process. (exothermic / 
ic) 
(9) The amount of energy: uired to raise the temperature of one gram of 
(pena one Kelvin conga pressure is caled US 


SPecific heat capacity/molar heat capacity) 


compound) 
Label the following statements as True or False: 


(i) “Thermochemistry is the study of heat, enefgy and work. 

Gi) Enthalpy isnota state function. 

(iii) A balanced chemical equation which shows the enthalpy charge! 
‘areaction is called thermochemical equation, 


chemical change. 

(vi) Inchemistty, we most commonly deal with pressure-volume wok 
(vii) The Bam Haber cycle is different from Hess's law. 

(viii), ‘The heat ofneutralization fora strong acid anda. d 
to-514kJ/mol. 

(ix)? The unit of specific heat capacity isJ/mol*C. 

X9 ice used dea ade tra oe 
volume. 

Define the following terms: thermochemistry, joule, and calore: ...- 
Define heat. Explain with example, how energy is transfè 
pieceofmattertoanother? 

Define energy: What is the difference between kinetic energy 4 
energy? Give theimportanceof energy. 

Whatis the difference between temperature and heat? 


UTURE DOC S 
halts thermochemical equation? What are € 
reactions? Givean 
What is system? y s 
Give definitions f 5 
(9) Thermodynamics (b) Surrounding 
(o) Boundary (d) Universe 
(c) Stateofsystem 
j: What is meant by state function? Explain enthalpy is a state function but 
heatis nota state function, 
N10; Define and explain internal energy of the system. 
+ Whatis first law of thermodynamics? Prove that: SS 
(a) AH=q, (b) AE-q, QU 
: What is meant by enthalpy? What is the difference between AH and AE? 
The value of AH= AE in case of solids and liquids, why 
l; Give the sign of AH forexothermic and endothermipeactions. 
; Give precise definitions for the terms given below: 
Standard enthalpy change 
Standard enthalpy of atomization 


j: What is meant by the i capacity ofa substance? Define and explain 
‘molar heat capacity. Give units of each. 


calorimeter? 
(O18: Whatis Hess's aw ofconstant heat summation? Give its applications. 
Q1: What is latice energy? How does the Born-Haber cycle helps to calculate 


the lattice energy of NaCl? 


density is 1.00g/mL. 
: Calculate the lattice energy of lithium fluoride (LiF) with the help of the 


following information: 

a) “The enthalpy of formation for LiF s -594k] mol ^ 
b) Heatofsublimation for lithium is 155kJ mo 

c) Theionizationenergyforlithiumis S209 mo '. 
d) Theenthalpy ofatomization for F,is 7513 mol '. 
e) Theclectron affinity of fluorine -3281 mol". 


Y 
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121. Oxidation-Reduction Concepts 
122 Electrode 
Electrochemical Cells 


d Cell Potential and Standard Electrode Potential 
5 Modern Batteries 
126 Corrosion 


The pem will be able to: 

* Give the characteristics ofa Redox reaction. (Understanding ) 

© Determine the oxidation number of an atom óf any element in a pure substance. 
(Applying) 

* Define oxidation and reduction in tefms of a change in oxidation number. 
(Applying) » S 

* Use the oxidation-number change method to identify atoms being oxidized or 
reduced in redox reactions. ( L 1 : 

© Use the oxidation-number change method to balance redox equations. Applying) 

* Balanceredox reactions that take placein acid šolutions. (Applying) —— 

*  Breaka redox reaction into oxidation and reduction half reactions. (Applying). 

* When givenan redox equation, use the half reaction method to balance 

the . 

Define oe ME electrode potential and S.H.E. (Standard Hydrogen 
bering) K 
ifythe substance oxidized and the substance reduced ina dry cell. (Applying) 

Use the activity series of metals to predict the products of single replacement 

reactions, (Analysis) : : 

* Define cel potential, and describe how itis determined. (Understanding) 

Ft eandem when iad surge hay i recharged 


i electrical energy. 
+ mapai howa fael cell produces eleciiealen (Remembering) 
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py 


, reduction while the removal of hydrogen from a substance during * 


Electrochemistry is the branch of chemistry which deals with the conversion y 
electrical energy into chemical energy in electrolytic cells and chemical enemy 
electrical energy in galvanic or voltaic cells. Electrochemistry has lots of import, 
applications but weare going to discuss few of them. 

A cell consists of two electrodes that are dipped into an electrolyte usd fy 
interconversion of chemical and electrical energy. Battery is a device that cong, 


~ of one or more cells and is used to produce electric current by converting chemies 


‘energy to electrical energy. Some examples of batteries are dry cell, silver batteries 
NiCad battery, lead storage battery, and fuel cells. These batteries are used to pov 
radios, digital watches, calculators, cell phones, laptops, CD players, flash 
toys and hybrid cars. 

Furthermore many essential industrial chemicals and materials such 
caustic soda (NaOH), chlorine, aluminum, hydrogen, oxygen, and hydrogen 
peroxide are manufactured by electrolytic processes. 

Electrochemical processes are not always advantageous; that is, there are som 
electrochemical processes that damage the materials such as corrosion of iron. Th 
main target of electrochemistry is to prevent the corrosion to reduce the lois 
materials. 


12.1 Oxidation-reduction Concepts 

12.1.1 Oxidation and Reduction 

Oxidation and reductioncan be defined in three different ways: 

i) The addition GF oxygen to a substance during a chemical reaction “Ùl 

oxidation while the removal of oxygen from a substance during a chemical re^ 

is called redüction. Reduction is the reverse of oxidation, 
Pbi. € ———> Pb + CO 3 
iiis reaction, lead oxide is reduced to lead by losing oxygen while 
oxidized to carbon monoxide by gaining oxygen. 

ii) The addition of hydrogen to a substance during a chemical reaction i$ 


reaction is called oxidation. 

HS + Ch ——> S + 2HCI 

In this example, hydrogen sulphide gas is oxidized to sulphur bY 

hydrogen while chlorine is reduced to HCl by gaining hydrogen. 
m 


pte] 
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ii) Loss of one or more electrons by a substance is called oxidation while the gain 
ofone or more electrons tro substance is called reduction, 
2Na € > 2NaCl 
In this reaction, sodium is oxidized to sodium ion by losing electrons and 
chlorine is reduced to chloride ion by gaining electrons, The element that loses 
the electrons during the reaction is said to be oxidized, Its oxidation number 
increases, The element that gains electrons during the reaction is said to be 
reduced. Its oxidation number decreases, 

121.2 Oxidation Numbers 

The apparent charge, positive or negative, which an atom would fave in a 


compound, is called oxidation number, It is also known as the oxidation state, It 
smables us to identify the elements that are oxidized or reduced. The'elements that 
show an increase in the oxidation state are oxidized while the elements that show 
decrease in the oxidation state are reduced. 
Rules for Assigning Oxidation Numbers 
i) The oxidation number of an atom ofa free element is zero. Hence, each atom 
in Hj, N$, O5, Br}, Na’, Mg’, Fe’ and Zi! hagzero oxidation numbers, 
ij) In compounds, the oxidation number of hydrogen is +1 except in metal 
hydrides where it is -1, Hence, the oxidation number of hydrogen is -1 in LiH, NaH, 
tnd Cal, 
ii) The oxidation number of oxygen is -2 in all its compounds (e.g. CO, and CaO) 
xcept in peroxides and superoxides. In peroxides, it is 1 (e.g. HO; and Na,0,) 


Andin supéroxides, itis -1/2 (eg. KO). The oxidation number of oxygen in oxygen 
difluoride, OF, is +2. = 


3). The oxidation sumbers of alkali metals, alkaline earth metals (Group IA) and 
oup IITA elements are +1, +2 and +3 respectively. 

3) Theoxidation number of halogens (Group VIIA elements) is -1 in their binary 
“ompounds (NaCl, KBr, and AICI,). The halogens except fluorine show positive 
ion numbers wh ith oxygen. 

) The oxidation number of a monoatomic ion is equal to the charge on it. Hence, 
"Mg" AI” and O have +1, +2, +3 and -2 oxidation states respectively. 

J I polyatomic ions such as CO;*,S0,? and PO,’ the sum of oxidation 
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number of atoms o i af AH 
the carbonate ion (CO3), the oxidation number of carbon jg. Fa 
2. Hence, the sum of oxidation numbersis 1(+4)+3(.2)-) t 


Vii) The sum of oxidation numbers of all the elements in a neural cong 
equal to zero. For example, in potassium permanganate (KMn0,), the Es 
number of potassium is +1, manganese is +7 and that of oxygen is -2 Pes 
sumoftheoxidation numbers is 1(+1)+ 1*7) *4C2)7 0. i 
ix) In any substance, the more electronegative atom has the negative ig, 
number while the less electronegative atom has the positive oxidation number 
>x) The same element may show different oxidation numbers in diffs | 
compounds. For example, the oxidation numbers of sulphur in disilphur dicho 
sulphur dioxide (SO,), sulphuric acid (H,SO,), and hydrogen suk 


Calculate the oxidation number of nitrogen in HKO. 
Solution 


The oxidation number of hydrogen is land that of oxygen is 2, Theoniit 
number of nitrogen in HNO, is calcülated as: i 
1QH)*1N) £302) = 90 5 


Find pu fe ‘idation number of chromium in K,Cr,07- 


ion number of potassium is +l'and that of oxygenis 


ln ee "eee -———— ————— 
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| ll — ares s, ) 
‘Example 12.3 "| as 


Find out the oxidation number of nitrogen in NH", 


| | Theoxidation number ofhydrogen is +1 and that of nitrogen in NH: is calculated. 


as 
MN) + 47 + 
N + 4-4 


What is the oxidation number of carbon in HCO;'? 
Solution: 

The oxidation number of hydrogen is +1 and that of oxygen is -2, The oxidation 
number of carbon in HCO;' is calculated as 

VH) + KC) + 3¢-2) 
leet NIS 


12.13 Recognizing Oxidation-Reduction Reactions 
The reactions that involve oxidation and reduction are 
Called oxidation-reduction reactions. They are also 
WD as redox reactions, Oxidation-reduction 
Factions can be considered as electron transfer 
‘actions, In the process, the electrons may either be 
Vansferred from one substance to another to form ionic 


lé 
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‘To identify the oxidation-reduction reactions, one should know ia, 
change in oxidation number occurs during the oxidation-reduction reaction, 
Consider the reaction in which zinc metal reacts with a solution of aqueous 
copper sulphate containing copper ions: 


Zn, + CuSO 4 (ay) + ZnSO * Ch. 
Thisreaction can also be shown as: 
Ze + Cui, + Soda —— noy + SOs * CU 


This is a redox reaction in which zinc metal is oxidized; that is, the zy 
oxidation number of zinc is converted to +2. The copper ion is reduced; that is, te 


+2oxidation number of copper ion is converted to zero 
A redox reaction is the sum of two half- reactions; that is, am oxidation hali 


reaction and a reduction half-reaction. 
Redox reaction = Oxidation half reaction + Reduction half reaction 
‘An equation which shows either loss or gain. Gf electrons is called halt 
reaction, A half-reaction which shows the reactanfthat loses electrons is calld 
‘oxidation half-reaction whereas a half-reaction Which shows the reactant that gains 
electrons is called reduction half-reaction, In.oxidation half-reaction, the electrons 
appear on the product side of the equation Whereas in reduction half-reaction, the 
electrons appear on the reactant side of the equation, The above reaction can be 
separated into two half reactions as: 
Oxidationhalf-reaction: Znfy,—> Zw, + 2 


Reduction half-reaction;« Cüj,, + 2e cit 


Css Tete = 
‘Applicatio lox Reactions in Daily Life Num 


Applications f redox esetions are numerous but we are going tà diaoui FAAI 

them. Y 

e The burning of wood, paper, coal, and gasoline in the presence ot air is cilt! 
combustion, which is rapid redox reaction. 

e Many biological redox reactions provide energy that is required bY 
organisms to sustain life, Tne most familiaris the process of metabolian WE 
complex process. The oxidation of carbohydrate is an example of metabolic A 
process. In this process, a carbohydrate such as glucose reacts with 098" 
produce CO, and water with the evolution of energy. 

C.H, + 60, —> 6C0, + 6H,0 + energy 
t) 
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process is also responsible for Ihr D 

Gofal that are usod o pona e 

laptop computers, watches, and portable musie players. — 
3gents ure oxidizing agents that are used to decola 

SOF materials such as paper, fabrics and human hair. By 
chlorine si to bleach wood pulp to make white pap 

INaOCI) is used lo remove stains. clothes, 
d Nisusedto convert redheideinto blondes nrs 2 
esetions are nót always beneficial. The decay of metals py axi 


inthe moist air is called corrosion, Corrosion isa. 
damages especially those materials which are made ofi 
As redox process thut is used to improve the. and 
ke 


:oFmetals (objects) and to protect them from co 
12.1.4 Balancing Oxidation-Reduction Equatio; 


Number Method: P 
The following rules are used for balancing of redox éqüations by oxidation number 
method. 
i Writedown the skeleton equation for theréadtion under consideration. 
q Write down the oxidation number of eugliatom above it 
Identify those atoms whose oxidation numbers are changed during redox 
tion, $ e 
) Record the oxidation. nunbabove the atoms whose oxidation numbers have 


S 


^N 
Indicate the change ingiidation number by arrows joining the atoms on both 
'of the equation. Amós show the number of electrons gained or lost by single 


È balance) thé number of electrons gained or lost by 


itable number. 
restof the equation by inspection method. 


) Cut HNO, — + Cu(NO,), +NO;+ H,O 


Prenger 


P pe 
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Solution: (a) 
}) Write down theskeleton equation forthe reaction. | 


ii) Write down the oxidation number of cach atom above it 
: ; PEE 
Bue HON 0, —> Gu(N 0); * N 0; * H; O 
Tdentify those atoms whose oxidation numbers have changed dung 
reaction, = E 
ut HNO,—» Cu(NO,); * NO; * HO Y 
In this equation, the oxidation number of copper has lige from zl 
42. and that of nitrogen has changed from +5 tod. We should wig 
HNO, twice on the left hand side becausétlie oxidation number 
nitrogen remains same (45) in Cu(NO,), andohianges (+4) in NO}: | 
"a : AX 
HNO,+Cu+ HNO, —> Cu NOy)@NO,+H,0 | 
iv) Draw arrows between the samecatems whose oxidation numbers hit 
changed, and show the numberdifelectrons lost, or gained by anatom: | 


No, of ot Osim) efe 2 


( 
NEM x 
HNO, Cus HQ, NO, - NO, 4,0 


Hens 
oss 


iii) 


Sw offs gainod (Rauchon) = 1&2. 
One copper.atom lost 2 electrons and two nitrogen atoms B 
electrons, 
v)  Muliply HNO, and NO, by 2 to balance the number of elects 
sgaited during the reaction, 

HNO, +Cu+2HN0, —, Cu(NO,),+2NO, +H,0 
Thisequationcanalsobewrittenas: — — ei 
Cu*3HNO, ——+ Cu(NO, 

i ); *2N0, HO. 

vi) Now balance restof the equation by inspection method. 
Cu+4HNO, ——, Cu(NO;),+2NO, +2H,0 


Solution: (b) 
i)  Writedownthe skeleton, 


RCL Ee] ae On equation forthe reaction. 


KCl+ CrCl, - CL 4,0 


pu 


Hon i 

` Ch O, +HCI > KCl+ CrCl, + $ 

J) Identify those atoms whose oxidation numbers have changed during the 
E 


reaction: T 
030; +HCl —> KCL«CrCl - Ch H0. 
Inthis equation, oxidation number of chromium has changed from +6 to +3 
andthat of chlorine has changed from -1 to zero. The oxidation numbers of 
chlorine in KCl and CrCl, remain same (- 1). We should, therefore, write 
HCI twice on the left hand side. One HCI for those chlorine atoms-whose 
oxidation numbers have changed and one HCI for those chlorifie atoms 
whose oxidation numbers have not changed. s 

1 E 
HCI+K, Cr, O; + HCl —+ KCI - CrCl, «C1, + HO 
Draw arrows between the same atoms whose oxidgGon numbers have 


) 
changed and show the number of electrons lost or gained by an atom. 
No. of» lon (Oxidation) = 1x2=2 C) 


HCI+K; Cr, 0, + HCl —> KCI+ČFC E 
Ve oe ea 


No. of fs gained (Reduction) = Jsir- 
Here two chlorine atoms have lost Zprectrons while two chromium atoms 


have gained 6 electrons. d 

Multiply HCI by 6, C! y Patid CrCl, by 2 to balance the number of 

clectrons lost or gained. 5 

Hels KC,0,+ 6HCI 35 KCl 2CrCl, *3Cl, +H. 
I Now balance rest of the equation by inspection method. 

Ken Otani US 2K C1 2011, +3Cl, + 7HLO 


US Baten, 
y cing of i tions b; 
Rea een Reduction Equations by the Half 


Th ictioy 
"el tod lofbalancing the oxidation-reduction equations is also known 
Method. The following rules are used for balancing of redox 
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equations by the half reaction method 

i) Write down the skeleton equation which sho 
actually involved in the reaction. 

ii) Split up the equation into two halt 
reactions. 

fii) Those atoms, molecules or ions should be written which really exist Reqgg 
all unnecessary species. | 

iv) Balance all atoms on either side of the eq 
oxygen. 

v) Balance oxygen atoms by addin; 

vi). Balance hydrogen atoms by adding H' ions à 
basic solution. 


vii) Balance the charges by adding electrons. MY 
Viii) Balance the number of electrons lost or gained duringéreacion by mulia 


each halfreactionwithasuitablenumber. — 4 
ix) Add both half reactions in such a way that the‘eleetrons must not appear inte 


final equation. e 
x) Cancel out substances which are preseniton’ both sides of the equation. 


eT 


ws only those species thata | 


f reactions ie. oxidation and reduction lp 


juation other than inea] 


jg H,O molecules. 
in acidic solution or OH logi 


Balance the following: ‘equation by half reaction method: 
KMnO, + HCl — 5 H,O + MnCl;* Cl 
Solution: e 
(i) Write down thé'sKeleton equation. 
KMnO, 4 HČI —> H,0+MnCl, + Cl, 
(i) Noweite the species which are actually involved in the reaction 
{ove all un-necessary species, 
ano; + Cr’ ———> Mn? + Cl, 


(iii) Splitup the equation into two half reactions 
Ma0 (Reduction half reaction) 

E ee (Oxidation half reaction) 

(iv) Balance chlorine atoms by multiplying 2 on left hand side. 
2g DESEE 

(v) Balance the charge by adding 2 electrons on right hand side: 
acl —— Cl, «2€ a) 


pu——— 


(y) Balane zc 
MnO; — —* Mn + 4H0 


qu). Balance hydrogen atoms by adding 


MnO; + 8H' > Mn 
(uii). Balance the charge by adding 5 electrons on L.H.S. 


MnO, +8H*+5 e — 5 Mn?«4H,0 B) 
Multiply equation (A) by 5 and equation (H) by 2 to balance the number 
ofelectrons lost or gained, 


l (eet. —cor 


(ix) 


[wno; + 8H’ + Se ———+ Mn? + 4H,0] «2 


(9 Addboth equations and cancel out the common species oriboth sides. ` 
HCO ——> 5Ch + We » 

2Mn0; + 16 H° *10c ———— Mn 
IOC +2MnO; -16H' ———> 5Cl, 4 2Mn^ + 8H,0 


ing and Oxidizing 


‘state of other substances) and is reduced itself, The 

ces other substances (decreases the oxidation state of other 

‘and ig@xidized itself. The total number of electrons gained by oxidizing 

5 àlvays equal to the total number of electrons lost by the reducing agent. 

rhe following reaction in which sulphurous acid (H; SO.) reacts with nitric 

O)to produce sulphuric acid and nitrous oxide (NO). 
RO ^2NO ——> 11,80, + NO 

a s reaction, iIphurous acid is oxidizing agent because it (sulphur) loses 

Ile nitric oxide is reducing agent because it gains (nitrogen) electrons. 

Are transferred from sulphur to nitrogen. 
m 


pE—— 
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‘Among elements, the metals are good reducing Agents While non me ) 

good oxidizing agents. In the periodic table, the alkali metals are strong pos 
agents because they Torm positive ions readily and halogens are strong oni 
agents because they have strong attractions for electrons und form negative ig 
readily. j 
‘Among compounds, the potassium dichromate (K;Cr;07) and potassi 
permanganate (KMnO,) are the most important strong oxidizing agents wheres, 
hydrogen sulphide (11,5), sulphur dioxide (80:) and espns sua SOs 

some important reducing agents, Some of the reactions of oxidizing and reducing 1 

agents are: 


i) Magnesium reacts with cold dilute nitric acid to form hydrogen gas 


zr HINO, + Mg —> Mg(NO,), + Ha 
"In this reaction, nitric acid acts as oxidizing agent gni magnesium atom ac 


as reducing agent 
i) Hydrogen sulphide reacts with chlorine to fornshydrogen chloride ands 


H,S + Cl, —> 2HCl + S 
In this reaction, hydrogen sulphide ats reducing agent and chlorine § 


oxidizing agent. 
iii) Potassium dichromate reacts with sulphur dioxide in acidic medium to prodit 
chromic sulphate, Cr,(SO,)- 

K;Cr,0; + H,S0, + 350 ——>, K,SO, + Cr(SO,), + HO 

In this reaction potasghür dichromate acts as an oxidizing agent while sul 
dioxide acts as areduetng agent, 
iv) KMnO, reactSswith concentrated HC! to produce chlorine gas. 

2KMsQ e VCI 9 2KCI + 2MnCI, + 8H,0 + SC 
In this reactio 


potassium permanganate acts as an oxidizing agent. 
12.2. s 
Thx surfaces, in a cell, at Which reactions (oxidation or reduction halte 
take place, are called electrodes. An electrode, in a cell, is a metal plat wet 
a piece of graphite through which the cleciric current enters into T jeg 
‘electrolyte. The electrodes may or may not involve in the reactions. Thee al 
that do not involve in the reactions are called inert electrodes, Electr 
types; anode and cathode, The positive electrode is called anode because 
attracted to it while negative electrode is called cathode because. a 
(422) 


p— 


E 


GAT BX EUTRE DOCTORS TOUSIER-AMBMAD) 


Electrons move fron 


ode to cathode through an external circuit 


123 Electrochemical Cells 
Acell consisting of two electrodes dipped into an electrolyte in which a chemical 
reactfon either produces or utilizes an electric current is called electrochemical cell, 
Electro£hemical cellsare of two types: 
Fi) Electrolytic cell 
ii) Galvanic or Voltaic cell 


| 123.1 Electrolytic Cells 
| The electrochemical cell which utilizes an electric current to produce chemical 


action is called electrolytic cell. It may also be defined as: the cell in which non- 
Spontaneous redox reaction takes place by the passage of electyigity is called 
electrolytic cell. Examples are Down's cell, Nelson's cell 


Working of Electrolytic Cell 
Consider an electrolytic cell which is used to determine the gonductivity of solution. 
An electrolytic cell consists of a 
beaker with two electrodes which are 
dipped in electrolyte and connected to a 
direct current (DC) source. When an 
"ctrit current is passed through on 
Sletrolyte, the positively charged ions 
(Cations) move towards cathode and 
"ive charged ions (anions) move 
towards anode, The solution of the ions 
Puls in the passage ofi current andthe 
bulb tows (The bulb will glow brightly 7 
A strong elèctróiie and glow dimly in Figure 12.1: Electrolytic Cell 
tak electrolytes, 
„This movement of ionic charges through the solution due to the passage of 
currentis called Electrolytic Conduction (Conduction of electricity). 


23.2 Electrolysis of Aqueous Solution of NaCl 
Sletttolysis of aqueous NaCl is carried out in an electrolytic cell, This 
ists ofa beaker with two electrodes which are connected to a direct current 
9) 
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Concentrated NaCl is placed in the cell E pu 


and the electrodes are connected to 


s 
DC. As a result of this H, gas is 
produced at cathode and Cl, gas at 
anode, 
E; 
When NaCl is dissolved in water, it 
Figure 


dissociates into ions as: 


Electrolysis of sodium ehloride in water 
NaCl, x Nest Cling 
When electric current is passed through the solution, the following reactions 
take place at electrodes. 


ReactionatAnode 
At anode chloride ions (negative ions) se electrons and are oxidized. Ast 
shows only balfofthe net reaction so itis catfed oxidation half reaction. 


20 ——+ Ch, * 26 


At cathode sodium ions are nor Wndergoing reduction. Actually water molei 
pick up electrons and are redu&ed'to H, and OH ions. Itis reduction half reaction 


2H,0-2e ——d—3 H; + 20H; 
( The H' ions of Water act as stronger oxidizing agents as compared V 
iot 


‘The net cel reaction which involves the oxidation and reduction half etc?" 
called redox reactions, 

2NaCl+ HO — Hi + Cl, + NOH 

The net cell reaction produces hydrogen gas, chlorine gas nd ^ 


solution of NaOH. Pure NaOH is then obtained by evaporation ofthe solu" 


A i 
In the above reactions, it is clear that H,O is more easily reduced Ù” 
‘The reduction potential of water is -0.828 V whi d 


(424) 


While that of Na’ is-2,714 V. 
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Sl unit of electric current is ampere (A) that is defined as a charge of one 
Mowing through a conductor in one second. 

Ampere = I coulomb / second or 1A= IC/sec 

The quantity of electric current is known as electric charge. The SI unit of | 
electri charge is coulomb (C) that is defined as the product of the current in 
amperes (A) and time in seconds (t). 


leoulomb = tampere x second or 1C = 1A xsec | 


| For example, 75 coulomb current is passed in the wire when SA current 
Dy flows through a wire for 15 seconds. OX 
current inamperes x time in seconds, S^ 
= SA x (xc QS. 7 
= 75C NS 

An electrical potential difference is called voltage. Tác st unit of potential 


Charge in coulomb 


diffrence (voltage) is the volt (V) that is equal to onf ule (J) of energy per 
coulomb of charge (C). YY 


) 1j 
Poire dT Cei ees 
ee cana 
Thus, a 1.5V cell produces 1 5 Joule'o] 
| flowing through the cell e 


1234 Voltaic (or Galvanic) Cells 

The electrochemical cell in whieh electric current is produced by spontaneous 

redox reaction is called galvagie Gell or voltaic cells. They are commonly known as 
batteries. The names "galéanic" and “voltaic” honor the Italian scientists Luigi . 
Galvani (1737-1798) atidAlessandro Volta (1745-1827), who assembled the first 


Version of the cells. Examples ‘of galvanic cells are Danicl cell, Dry cell, Ni-Cd cell, 


Fuelcell, C 


Very 1 coulomb of charge 


This cell consists of two half cells (half reactions) and placed in 
Wo beakers A and B containing solution of ZnSO, and CuSO, respectively. Zn 
_tketrode is dipped in solution of beaker A and Cu electrode în solution of beaker B. 

beaker makes a half cell and two beakers together make a complete cell. These 


m half cells are separate from each other and connected electrically by a salt 
le, 


(425) 
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Connected externally by a wire, 
electrons flow from Zn- 
electrode to Cu-clectrode. 
Hence Zn acts as an anode. The P=] | 


Cu" ions, from the solution, 


pick up the electrons at Cu- 


E aaa reed io aea L cd ERG 
copper atoms, Hence Cu acts as "o Figure 12.3: Galvao Cell | 
acathode. 


Due to flow of electrons from Zn to Cu, the cell praduce an electric curent 
‘and it serves as a source of electricity. Following reactions take place in the cell 
oZ, + 207 (Oxidation) 


DÀ Cw, (Reduction) 


Reactionatanode: — Zug 


Reactionatcathode: Cui, + 


Weteellresction: Zn +R —— — Zn * Cui 


The net cell reaction involves oxidation and reduction, hence called ret 
reaction. Conventionally the, cellis represented as: 


Ze AM M Cu IM/Cuiey 
«node salt bridge cathode 
*|['lines indicate salt bridge. 
e 4KNOx, Naa 0, 
Salt 


A U-shaped tube filled with electrolyte like KCI of ¥aNOyjn gelatin an seal 


both ends by porous glass wool is called salt bridge, 


i) Tt connects two half cells electrically and it prevents mixing of "9 ge 


solutions. 
i) It maintains the electrical neutrality in each half cell. 
ii) Tt prevents charge accumulation in either solution. In the salt bridge 


migrate and carry the charge. 


(426) 
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12.4.1 Standard Cell Potential 
The ability of cell to push electrons through the external circuit is expressed aS 
potential. Electrons moves through the external circuit from anode (hi r 
region) to cathode (low pressure region). The pressure of electrons at cathode is 
kept low by the process of reduction and the pressure of electrons at anode is kept 
high by the process of oxidation, The driving force that pushes the electrons from 
the anode and pulls them toward the cathode through the extemal circuit is an 
electrical potential, called electromotive force (emf). It is also known as cell voltage 
or cell potential (E).The cell potential may also be defined as the potential 
difference between the two electrodes in a voltaic cell. If there iso potential 
difference between the electrodes of the cell, then the current will dot flow. The SI 
unit of potential difference (voltage) is the volt (V). The cell potential (or voltage) 
depends upon the nature of electrodes and the ions. Itako depends on the 
concentrations of the ions and the temperat ich the cell is operated. The 
standard cell potential is the cell potential when both feactants and products are in 
their standard states. Standard cell potential is syribofized by E°. 
degree sign (°) indicates standard state conditions/ Standard con 
concentrations for solutions, latm pressure for'gaSes and usually 25°C temperature 


for the system] The liquids and solids muspbe present in their pure fc is. The cell 


potential is méasured by voltmeter, 


12.4.2 Standard ElectrodePotential 

The difference of potential betivéen an electrode and 
its salt solution in which<the electrode is placed is 
called electrode potential or single electrode potential 
or half-cell potential: It may also be defined 
as C * 


The tendency ofan electrode (substance) to lose or gain electrons when it is 
in contact with its own ions is called electrode potential. The magnitude of standard 
ia potential values depends upon: 

Nature of electrode and the ions and 
1i) Concentration of the solution in which the electrode is placed. 
58) The temperature ofthe cell. 

The potential difference between an electrode and IM solution of its ions at 
| PSC (298 k)is called Standard electrode potential. 
[ul 
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124.3. Standard Reduction AA (JOUSEER AHMAD: 
The standard cell potential is the sum of standat 
reduction potential 

Ely = Et Epa 
"The potential of an electrode at which reduction occurs is called reduci 


potential. It is symbolized by Ej, W hen electrode of copper is placed in a solution 


of copperions, then reduction occurs 
Cu + 2€ ——> Cow j 


rd oxidation potential and tangy 


Reduction potential of copper is 0.34 V and that of zinc is-0.76 V. 
"The potential of an electrode at which oxidation occurs 1s called oxidation 


potential. It is symbolized by E2,. When electrode of zinc is placed in solutions 
zinc ion, then oxidation occu 3 

^ 

Zn ——— Zu, + 26 V 

Oxidation potential ofzinc is0.76 V and that of gppperis-0.34 V. 


“The reduction potential at theft ‘standard states is called standard redaction 
potential and the oxidation potefal at their standard states is called stan 
oxidation potential. & 

12.4.4 Measurement of, Electrode Potential 

‘There is no methodi Measure the potential for a single electrode; only the cll 
potentials can; measured. However it can be measured with reference t0 sae 
standard eļečtrðde such as Standard Hydrogen Electrode (SHE). Standard cle 
potentiafoFhydrogenis taken as ero atall temperatures. 


i is coated with finely divided black m 
encased with a glass sleeve. Itis dipped in IM HCI solution. Pure hydro 1 
latm pressure is bubbled into IM HCI solution. The hydrogen gas is abso 
the platinum foil. The platinum acts as a conductor and scd uw 
of equilibrium between hydrogen gas and its ions in solutie Hu 

(478) Msi 
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— PLE oom = 


3H + 2e” C— ^ H, [Roweron (ME wisest] Lea 
The double-arrows show only that 
the reaction is reversible, but not that there 


istrue equilibrium. 
MG 
(lm) 


The potential: Gf this electròde is 
arbitrarily taken as zero at all temperatures, 

| By convention this half-cell is written as 
] oxidation and all other half cell reactions as 


reductions. uai 


bubbles of 
Hydrogen 


Working with SHE ğ a 
The electrode whose electrode potential is mes 
to be determined is connected with SHE SUK in 

and a galvanic cell is established. The wo —— Fig 12.4: Standard Hydrogen 


E Electrode (SHE) 

solutions are separated by a salt 

bridge. As the potential of SHE is zero, thefefore, the voltmeter reading gives 
nay act as the anode or 


electrode potential of the electrode under fest. The 

cathode depending upon the nature of gléctrode coupled with it. 
To measure the 

electrode potential of zinc, a 


galvanic cell.is established 
between zinc electrode dipped Mmm 
in IM solution of its ioris and sone 


SHE at 25°C. Zn acas anode 
and hydrogen éathode act as 
inert electrode on which 
hydrogen gas is bubbled at 1 
‘mosphere, The electrode 


Potential (E°) value of Zn is — a 
976 volts as shown by ; à 

Voltmeter, The cell reactions Figure 12.5: Galvanic Cell for measuring 
are: the electrode potential of zinc, 


| (409) 


E pm 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


Atanode: Zoe »- Zn) * de (Oxidation) 

— At«cathode; 2Hig + 26 ———* Bw (Reduction) 
Netcellreaction: Zn, + 2 Hh ——— Zn * Hay) (Redox Reaction) 
The elements which have negative value of E° have tendency to logg 


electrons (notto gain electrons). 


Similarly when 
Cuin IM Cu" solution is 
connected with SHE, the 
voltmeter reads 0.34 
volts. Here meter shows 
the flow of electrons 
from H; to Cu, so Cu acts 
as a cathode. The cell 


reactions are: mm 
Figure 126: Galvanic Cell for measuring the electrode. 
potential of copper. 
Atanode: Hy 2H + 26° (Oxidation) 
At cathode: Clg t — —»Cuy, (Reduction) 


: RS, cit x D : 
Net cell reaction: Dai ^ C) 92 Higg + Cut, (Redox reaction) 


Ethe elemett* 
‘The electrode potential values have been determined for all of the eleme! 


practically andare given in electrochemical series, 


12.4.5: Electrochemical Series 
A list (series) of elements in which they are arranged in the increasing or 
order of standard electrode potential values is called electrochemical series 
also called electromotive or activity series, , 
‘According to the recommendation of IUPAC, the electrode pote?! / 
been given in the reduction mode. If half -reactions are written in oxidatio® ^, 
their potentials are oxidation potentials. By changing mode, magnitude ° 
tential does not change, only signs are reversed, 
(480) 
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Apolog of ions of Eleétrochemical Series 


i) Calculationof the Voltage of Cells 
From tle series we can calculate the cell voltage (cell potential). The sum of 


‘heoxidation potential and reduction potential is called cell voltage. 


Mathematically, 
Boy = En + End 
Letus find out cell voltage of Cu- Zn (Daniel) cell 
Atanode (Oxidation): Zn, > Zna + 2€ E = «076v 
Atcathode (Reduction): Cu, ^ 26^ ———> Cty +0.34V 


)iscalculatedas: 


(431) 


The voltage of the cell (E; 


cell 
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z Egi = 0.76 +0.34 
F = 1,10V 
i) ^ Prediction of the Feasibility of a Chemical Reaction: 
From the electrochemical series, we can determine whether the reac 
Or not, We sum up the voltages of twe 


the reaction is possible and if negative, the reaction is not possible. Let us see the 
reactions: 


Zn, + Cui, — —À Zn * Cu | 
From the electrochemical series, we have 

Zn Za) + 2 

Ca E2 ——> Cu, 


+ = 
Zny * Cui, ——> Zrt Cu ] 
‘The voltage is positive, hence the reaction is feasible (possible) 
Consider another example: 
2+ de 
Zn) + Cu — —9 Zn + Qui) 
From the electrochemical series, weave 


Zn, + 1 ——> agy = -0.76V 
[cus —— Cu iE - 03V. 
Zny + Cui SF e + Cus Ela -LOV 


‘The sum of E? valiós of the two half-cell reactions is negative, hence the 
reaction is not feasible (possible). 
iii) ^ Comparison of Relative Tendency of Metals and Non-Metals os 
Oxidized or Reduced: 1 
Greater the value of standard reduction potential (E? |. of a given specie, gei 
its tendency to accept electrons to undergo reduction and hence to act i5 P 
oxidizing agent. For example, the ions such as Cu”, Ag’, Hg " and non-metal 
F,, CL and Br, act as oxidizing agents. On the other hand, the species havin Jove 
value of standard reduction potential (E?) show greater tendency to lose! 
They undergo oxidation and hence act as reducing agents. For example: ™ 
lying below SHE such as Zn, Me, and Li readily los electrons and actas 


agents. 
(432) 
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als with Dilute A 


Greater the value of E7., of metal, lesser is its tendency to lose electrons to form 

metal cations and so weaker is its tendency to displace H.. For example, metals like 

Cu, Ag and Au which have sufficiently high positive values of E*.,do not liberate 

hydrogen from acids. While metals like Zn, Mg and Ca having lowE;,,, liberate 

hydrogen gas when they react with acids 
‘Au + HCl ——+ NoReaction 
Mg + 2HCl —> Mgci, + H, 

y) Displacement of One Metal by another from its Solution 

y from electrochemical series, we can determine whether a given metal will bé. 
displaced by another metal or not. A metal will displace another metal rom the 
aqueous solution of its salt that lies below it in the series. For example, Zn will 

^ displace Cu. 

Zu, + Cun 
12,5 Modern Batteries 
The cells which are used to produce electric current by phemical change are called 
batteries 

Batteriesare of two types: 

i Primary and secondary batteries 
1151 Primary Batteries 
Thegalvanic cells which cannot be rechiirged are called primary cells. For example, 
dry cell batteries, 

| Dry Cell Batteries. 

Dry cell batteries are used'ih torch 
lights, portable radios, toys, 
Silculators, electronfe watches etc. 

re called dry cells beca 
do noi lave a liquid electrolyte. Some 


1 


Zum, + C, 


Graphite Rod 
(Cathode) 


‘™poriant types of dry cells are: 
D [Leclanchedry cell Zine NX 
ip, [ Allalinebattery cm Moist Paste of carbon, 
Ù | Nickel -Cadmium (NiCd) cell ANGI 
),,. Leclanché Dry Cell T 
| Be fist dry cell was invented by Pon, 
"E55 Leclanché (1839 - 1882) in Figure 12:7: Dry Cell 
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1866. This dry cell battery has a zinc container Whit Moist ie 
of carbon powder, solid MnO, and solid NH,CI in glycerin around a cai, 
(graphite) rod which acts as cathode. When both electrodes (zinc container ang 
carbon rod) are connected, electrons are released from zine and currentis produ 
‘The reactions are: 
Atanode: Zn ———> Zn" + 2e (Oxidation) 
Ateathode: 2NH] +2Mn0, 26 —>Mn,03+2NH, + HO (Reduction 
This cell produces a potential of about 1.5 volts. 
ii) Alkaline Battery 
Batteries with alkaline electrolyte were first invented by Waldemar Jungnerin | 
1899. This is a type of dry cell. In this cell, zinc acts as anode amd Mr; acs a 
cathode. KOH (or NaOH) is used as an electrolyte because of which it is known ar 
alkaline battery. The battery is enclosed in a steel container, The zine anode i 
slightly porous giving it a larger effective area. This cell delivers more curn 
has longer life than a common zinc cell 
"The following reactions take place in this cell: 
AtAnode; Zas + 20H, —— Zn(OH)3,5)+ 2e (Oxidation) 
At Cathode: 2MnO3,* H:O +26 55 Mn;Oygy + 20H, (Reductio 
Net Reaction:2n,,+2Mn0,,+ H,Qq——9 Zn(OH), j+ Mn;Os 
“The voltage ofthis cell SV 
12.5.2 Secondary Batteries 


The galvanic cells which can be recharged are called secondo ab 
Examples are lead stofage battery and NiCad battery. ve 


Lead Storage Battery Ed = p 
or Lead Accumulator 

The lead storage battery 

was invented by a 

French Physicist Gaston 


Planté in 1859. It is an 
example of secondary 
cell and is used as a car 
battery. It is a 
rechargeable battery. miras 
The total voltage of ^"^ 
battery is either 6 or 12 


MDE diiierilé dod Te istibel 3 Ls Led is Goristrudtions f 
each cell is 2 volt. In the lead storage battery, the anodes are made Up. 
(Pb) and cathodes are made up of lead dioxide (PbO,). These electrodes are 
in30% H,SO, solution (density = 1 2Sgem"), 
Discharging 
Atanode, lead atoms lose two electrons each to form Pb” ions which combine with 
$03" ions present inthe solution to give solid PbSO,, PbSO, deposits on anode. 

—. Alanode: Pb ———> Pb, t.26: 
(Oxidation) ^ Pbi + SO, — 9 PESO yy 


Pb, SO, —— —5 PbSO,,, +28 

The electrons released in the reaction pass round an external cirelit as an 
electric current. This electric currentis used for starting the engine of vehicle and for 
lighting up of car lights and so on. 

At cathode, the electrons from the anode are accepted by: PDO, and H' ions to 
produce lead ions and water as: 
Atcathode: PbO.) + 4 Hi + 26° — Pha 2H;0 
Reduction: PD ja) +SQ%isq) — ——? PSO} 
PbO) + 4H) SOR, * 26 o> P0804, + 28,00) | 

When both the electrodes are covered with PbSO, deposits, then the cell is i 

| unable to produce any more current until it is recharged. 


Recharging 


. During the process of recharging, the red positive (+) lead of the charger is 
| connected to positive terminal and black itive (-) lead of the charger is 


Connected to negative terminal of the battery. So, the reverse reaction takes place 
and cell starts recharging. The reactions which occurat electrodes are: 
Atanode; Fou, LÀ P + SO) 
Pb, + 2H;0y — 3 PHO 2. + AHi + 
“Meathode: —PbSOyyy ———> Phi + SOdin) 
Pot, #26 ———> Phy 


Neteaction; PbSO,,,-2H;0() ——9 Pb, + POO.) + 
(435) 
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After recharging, the H' and SO? ions go back in solution and increase the density 
of acid again up to 1.25gcm°. The voltage of each cell returns to around 2 voly, 
Now this battery is used again. 


Nickel Cadmium Cell (Rechargeable) 
Nickel cadmium battery was invented by Waldemar Jungner in 1899 of Swedes, 
Nickel cadmium (or NiCd) cell is an important type of dry cell. It has acquired wide 
spread use in recent years. In this cell cadmium acts as anode, It undergoes p 
oxidation in an alkaline (basic) electrolyte. The NiO, acts as cathode whic 
undergoes reduction, 

The reactions are: 


Atanode: Cd.) + 20H, ———> Ca(OH) „+ 2€ (Oxidation 


le) Tm) 


Atcathode: — 2NiO,,)+ 2H, * 2€ -> Ni(OH),., + 20H qf Reduction) 


Netreaction: Cd,,* NiO,,, + 2H;0y, ——+> CagOH),,,, + NOH) 3, 

It is a rechargeable battery and is used in mobile phones, electron 
calculators, electrical shutters, portable computers etc. It is more expensive fi 
lead storage battery. 


12.5.3 Fuel Cells h 
Itis voltaic cell in which gaseous fuel (chemical energy) is converted into cle 


energy (electricity). 


Figure 12.9: Fuel Cell 
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In this cell, gaseous fuels such as hydrogen and oxygen are allowed to 
undergo redox reactions. Asaresult of this electrical energy is produced. t 
This cell consists of three compartments separated from each other by 
porous electrodes. The electrodes are hollow tubes made of porous compressed 
carbon filled by platinum or palladium catalysts at the anode and cobalt oxide, 
platinum, or silver catalyst at the cathode. 
,'  Anelectrolyte such as KOH or NaOH is placed in the central compartment. 
Hydrogen is passed through anode and oxygen through the cathode. These gases 
-, diffuse slowly through the electrodes and react with electrolyte at 150°C angat high 
pressure. Hydrogen is oxidized to water at anode and oxygen is-reduced to 
hydroxide ions at cathode 
The reactions are; : 
Alade: — 2Hyg)+ 40H.) — — —À, 4,0, +.48 (Oxidation) 
Ateathode: — Ox 2HOp + 48. — — . 40H. (Reduction) 


Netrenetion: 28, + O; — — 28,0, (Redox reaction) 
Such cells run continuously as long as reactants are supplied 
A number of cells are connected together to obtain:several kilowatts of 


pes 
. Advantages of Fuel Cells 

') The fuel cells are very efficient; They convert 75% fuel (i. chemical energy) 

into electricity. The ordinary eléctricity generator using oil or natural gas has an 
ficiency of 35-40%, whereas a diesel engine has an efficiency of 25-30%, Rest of 
the energy is lostas heat. 

) The fuel cells are free from (noise and thermal) pollution. 

ii) The water formed as an end product can be used for drinking purpose for an 

‘tronat in space vehicles. 

2) ,Orveen and hydrogen can be continuously supplied to the cell and there is no 

mel forreplacement of any electrical energy. 
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Gi be linked to a rechargeable battery that collects energy in the day to be used gag 
Gane even at night when there is no sun, Solar energy is a type of renewable ct ] 
| will never run out. Solar energy is clean and pollution free. Solar panels are entrench 
Teliable, need little maintenance and have a long life. Solar energy can be usg i 
emote areas to generate electricity where it is too difficult to provide much ned 
electricity by using traditional methods. | 
1E we compare these characteristics to those of fossil fuels such as cod, i 
| and nuclear power, then we will able to decide which source is better for us, p 
energy isa rapidly growing way to generate electricity. 


12.6 Corrosion | 
The process of chemical decay of metals by an electrochemical process is usah 
known as corrosion. Corrosion is a spontaneous redox reaction that occurs sha 
metal comes in contact with oxygen in the presence of moisture, The ms 
oxidized and converted to an unwanted compound; that is, to an oxide Thisi $ 
mostcommon form of corrosion, The corrosion is generally a surface phenome 
Corrosion of Iron (Rusting) 
The most familiar example of corrosion is the rusting of iron. Rusting of iron 
both oxygen gas and moisture. It does not ecur in moisture free air (d1 aidé 
free water (oxygen-free water). Iron, which is a silver white metal is conver?! 
red-brown mass (rust) when cores in contact with moist air, The s^ wy 
iron (III) oxide (Fe,O,2x H,Q where x varies from 2 to 4, it is not fixed) T 
ondes rusts) rapidly when comes i contact with ess active metal "i 
and corrodes slowly hen comes in contact with a moreactive metal suci 
When iron. comes in contact with moist air, a galvanic cell is^ 
where one partof iron acts as cathode and other part of iron acts as anode 


O, fom ir. 


p, from air otro? 
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The electrons flow from anode to cathode, The following reactions 
 Atanode: Fey — — Fey 26 
Ar cathode: 2H04,* Oyy t 4e. — —3À 40H, 
Netcellreaction: — 2Feq,, + Os, 21100, ———> 2 Feu + 40H gay 


The iron (II) ions are further oxidized by oxygen and forms iron (III) ions 
thatreact with hydroxide ions to form rust. 


7 AF ef + AOH Gy) £04, — —9 Fes0}..21; 04 
Theoverall reaction canalsobewrittenas; — "99 
2Fe + J4 Org + x H500, — —9À FeO. HOq 


(TWERNTEREECEEATERS 007 
[Interesting information) 


Prevention of Corrosion 
The methods that are used to prevent thé metal from corrosion are listed below: 


Alloying iia n 
The corrosion of metal can be prevented or minimized by lowering its reactivity 
through alloying. For example; stainless steel which is an alloy of iron, chromium, 
Silicon, and nickel is resistant to corrosion, Stainless steel is used for making knives, 
spoons, forks, utensils, scissors, and surgical instruments. 


Oilor Grease Coatin; 
The corrosion m eu be prevented or minimized by covering the surface of 
‘metal with grease or oil. For example, the nuts, bolts, tools, parts of machinery, and 


Parts of engines are coated with grease or oil to protect them from rusting, 


Corrosion of metal can be prevented or minimized by covering the surface of 

With paint, For example, the iron bridges, windows, doors, gates, and the 

bodies of rickshaws, cars, buses, and trucks are coated with paints to protect them 
Corrosion (rusting). 


E. 
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The process in which sheets of metals (iron) are coated with thin layer of ji 
prevent corrosion is called galvanizing, 1t is also known as zinc coating or an 
coating. This process can be done by dipping a clean sheet of iron into à bey 
molten zinc. If zinc coating is damaged by a scratch or a dent, corrosion starts, P 
standard reduction potential value of zinc is less than iron, $0 zinc is more cai 
oxidized and the iron is therefore protected. This method is used to pri 
underground storage tanks, pipes, oil rigs and ships from rusting. This method is 
also used to protect dust-bins, drums, and buckets from corrosion (rusting). The i] 
metals most frequently used for this purpose are aluminum and magnesium, 
because these metals are much more reactive than iron and form a compact layer J 
which minimizes their own corrosion 


Electroplating 
The process in which a thin layer of one metal is deposited on another metal (objec) 
by means of electrolysis to prevent corrosion is calléd electroplating. | 


NY Electroplating is carried out by using the metal (abject) to be plated as a cathodesnd 
rhe the metal to be deposited as an anode. The electrolyte is an aqueous solution fult 
Ji of the metal being deposited. The electrodes are connected with a battery. Wit 


electric current is passed through the solution, the metal to be deposited (anos) 
oxidized to its cations and enters into the solution. These cations are reduced 
deposited onto the object to béplated (cathode). In this process, a thin layerofméil 
is deposited onto the object which is then pulled out from the solution, The pee 
of electroplating is used to improve the hardness, stability and appearance: ofobjes 
and to protect them from corrosion. Some examples of electroplating 2 be 
plating, chromium-plating, silver-plating, and gold-plating, 
a 


n! 
Bicycle har Me 
give them a shiny ap 


and 
sphere. The silver-plated objects loe luster 
dime in the air due to formation of a thin tye of ales me [AE 
LSet presentin theair Gold ave 
are present in the atmosphere, is 
ater ated objects do not lose lusterand look new several ea 


Oxidation occurs at anode and red u 
from anode to cathode. - vse see 
> Oxidation state (or oxidation number) is defined as the apparent charge, 
: would have in a compound. 
enti 


> Oxidizing agent is a substance that 
itselfin a chemical reaction. Exam; i ts are non-metals. 
» Reducing agent is a substance that reduces other substaneés and. oxidized 
itselfin a chemical reaction. Examples efie a 
> The flow ofclectrons is called electric current orelectricity. 
> Asubstance through which electric current can passis called conductor while a 
substance through which an electric current cannot pass is called non- 
Conductor or insulator. Metals are conductors while non-metals are insulators. 
> Redox reaction is the sum of oxidatión-half reaction and reduction-half 
reaction. Oxidation-half reaction is a half reaction in which a substance loses. 
electrons whereas the reduction-half reaction is a half reaction in which a) 
substance gains electrons. 
|? Redox potential is a combined term involving oxidation potential and 


Electromotive force is a force that moves the electrons from the anode to the | 


is 
‘in volts, The cell potential under standard conditions is called 
ttochemical cells are of two types: galvanic and electrolytic. Chemical 

'is converted to electrical energy in galvanic cell while: electrical energy. 
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is converted to chemical energy in electrolytic cell. | 
> Galvanic (or voltaic) cell is a cell in whiel 
spontaneous redox reaction. Electrolytic cell is a cell in which mp 
spontaneous redox reaction occurs by the passage of electricity. | 
»  Abattery is a galvanic cell or a group of 
| > Corrosion is the process of chemical decay | 
feromiding medium. Thermosteommon example of corrosion ensi 
iron. 
> The corrosions of metals can be reduced or prevented by number of nell 
but the most important is electroplating. 
> Electroplating is an electrolytic process in which a thin layer of one negli, 
|. deposited on another metal. Y | 


Qu. 


h electric current is produced jy, 


‘cells connected in a series. 
of metals due to action of 


S 


Four answers are given foreach question: Sélect the correct one: 
i) The cell in which electrical energy is converted into chemical ea) 


is: 
(a) Electrolyticcell (b) galvanic cell 
(c) NiCácell (O fuel cell 
ii) Which one ofthe following reactions is NOT a redox reaction: 
(a) C*0, — CO, 
(b) NaCl +AgNO, ——9À AgCI + NaNO, 
(c) ZnS0; Cu ——> CuSO, + Zn 
(d). 2Na + Cl, —— NaCl 
iii) The oxidation state of manganese is +3 in: 
(a) MnO (b)Ma0; (c) MnO, (d)Mnj. 
iv) Inthe following reaction, the substance hatundergoes edet 
C,H,0, + 60; —> 600, + 61,0 
@ HO CO, (0) CHO, (90, 
v) Which one ofthe followingisthe strongest oxidizing ate? 
(a) Oxygen (b)chlorine (c)fluorine paeem 
vi) Which one of the following substances is oxidized in th 
givenbelow: 

(442) 


Mg + 2HCl ——> MgCl, + H, 
(a) Mg  (b)HCI (c) MgCl, — (d)H. 

vii) Which statement is correct about the Daniel cell (Zn-Cu cell)? 

(a) The Daniel cell is an example ofan electrolytic cell. 

(b) The spontaneous cell reaction involves thc oxidation of Cu by 
Zn” 

(c) The spontaneous cell reaction involves the reduction of Zn to 


Zn 
(d) The spontaneous cell reaction involves the reduction of Cu" to 
Cu P 
viii) Thereaction thatoccurs atcathode is known as: 
Redox (b) oxidation 
reduction (d) decomposition 
Which of the following statement is NOT corréct fora galvanic cell: 
Oxidation occurs at anode 
reduction occurs at cathode 
both'a'and'b' 
d) electrons flow from cathode to anode 
X) Galvanizing is a process i which sheets of metals are coated with 
thin layer of. to prevent corrosion: 
(@) Tin (bzi 
. Fillinthe blanks withsuitable words, 
i) ‘A substance through which electric current _ 
conductor. (can/éarinot) x 7 
ii) The 4 electrode is called anode. (positive/negative) 
i) Spoidineous chemical reactions take place in 
(clectrolytic/galvanic) a 
iv) Tonic compounds conduct electricity in 


viii) TheoxidationnumberofchlorineinKClO,is — 
ix) The method of electroplating is used to protect — 
corrosion. (metal/non-metal) 
X) Aluminumis reactive than iron. (Iess/more) 
Label the following statments as True or False: 
i) Oxidation takes place atanode. 
The reduction potential of zinc is0.34 V- 
Oxidizing agent oxidizes other substances. 
Fluorine isthe strongest oxidizing agent. 
Half-cell ofan active metal acts as cathode. 
The element is reduced when ts oxidation numberi® increased, 
Fuel celtisthe example of voltaic cell, A 
viii) The moist air is necessary for rusting of iron 
ix) TheSlunitof voltage is coulomb, 
x) Corrosion is a spontaneous redox reaction. 
What is electrochemistry? Give its impértant applications. 
Is electrochemical process always advantageous? 
What are redox reactions? Giyépplications of redox reactions in dail 
life. Re 
Define oxidation numberand describe the rules for assigning the oxidiitt 
numbers. OQ 
Calculate the oxidatión number of'S'in the following species: 
GHS G)SO, — (H)SO, ^ (iv) Na. O, 
How can yourecognize oxidation reduction reactions? Explain briefly: 


Write down the rules, which are used for balancing of redox equslio® 
oxidation number method and by the half EE 


NaBrO, + 
») HNO, +H —Novnoe pS 


* 2NO, 


9 Cu+NO} —, gy 


n 


Le 
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important reactions of oxidizing and reducing agents, 
Q4: rie the terms anode and cathode with reference to a specific voltaic 
Q15: What are electrochemical cells? What is the difference between galvanic 
cell and electrolytic cell? 

Q.I6: Describe the construction and working of galvaniccell. 

QUT: Describe the electrolysis of aqueous solution of NaCl, 

Q8; Distinguish between electrical terms coulomb, ampere, and volt, 
| Q19: Define salt bridge. What is the function of alt bridge? 

Q20: Explain briefly: 

| a) Standard cell potential, 
b) Standard electrode potential. 
c) Standard reduction potential, 

Q21: Describe the construction and working of standard hydrogen electrode, 
Q22: Whatis electrochemical series? Give its important applications, 
23; Whatare dry cells? What are the important typesof dry cells? Explain. 
Q24: Writea short note on lead storage battery, 
Q25: What are fuel cells? What are the advantages of fuel cells? 
Q26: Define and explain corrosion. What do you know about the corrosion 
(rusting) of iron? What are thé methods to prevent the metal from 
corrosion? 
Answer the following questions briefly: 
4) Whyisitnecessary to use a salt bridge ina galvanic cell? 
b) Why is the cathode of a galvanic cell considered to be the positive 
electrode? 
©) Why sodium ion (Na') acts as an oxidizing agent whereas sodium 
atom (Na) acts as a reducing agent? 
d) SHE acts as cathode when connected with zinc electrode but acts as 
anode when connected with copper electrode, why? 
€) Zine displaces hydrogen from acids but toppercannob why? 

Why iron doors and bodies of cars are painted routinely? 
8) Whydamp air isnecessary for rusting of iron? 
h) Why the bracelets and rings made of gold look new even after several 


Years of use? 


Q27: 
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Answers to the Selected 


arise 
è (2) 0.1mot 
6) mig (4) 91mol 


(5) 1.505x10" molecules. 
(6 6.69x10" molecules 


(7) S0.43dm* (8) 254m 
(9) 182.5g. (10) 7.5mol 
(11) 13037g (12) 700.44dm. 


(13) % of N in NH, = 82.35%, % of Nin 
HNO, = 22.22% 
(14) e (15) 90.79% 
Chapter No.4 
(1) (a) 0.355atm (b) 360mbar 

(©) 5.22psi 
(2) 17.5dm (3) 26.77em’ 
(4) 56000mL (5) 44.89atm 
(6) 3.99kg (0) 1.89¢dm” 
(8) 101. oe (9) 146 

(3) 0.0024M. 


(5) 4.56x10* 


Chapter N 
(1) Acidic, rm M 


Answers to the 
Chapter No.1 
(14) 55.88 
(15) €) 14giof Os isrequired 
49g of CaO isproduced 
(b) 1.375mol 
(18) S6L 
@) 3.97mol 
(25) co ? 1 505x10" ‘particles 
CH 0.7 1 2040 " particles 
(26) Vio, 725 2am’ 
v, 
“i Gi) 53.33% 
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(2) Basic,pH>7 
G) (a) 25x10" (5) 199x10 
(5) 84x10 
(1X8) Rate = K(NOT(O.] Third Order 
(b) K= - 215mol ^dn's 

Chapter No.10 
(1) 15% 

(3) 5% 

(6) 2m 

i Xeo: 70.162, X,4,*0.838 
(3) 0.004 ppm = 4ppb = 4000ppt 
(9) AT, 7 V eia 
b.p of aq, Solution = 101.65 
(10) iSo (11) 92gm” 
(12) AT 53.19€ 

fsserng point depression of 
“antifreeze = -3.19°C 
{Chapter No.11 

(1) AH, = 1087. simol" 

(2) -6882IJmol ^ 

Chapter No.12 

(a) O +3 (i) 8 


Selected Problems | 

(iii) 26.67% (iv), 66.67% | 

(9) 53.33% / 

(29) Br, is limiting. sciat 

HBr 16.029. 

(30) 56.168 

(31) Carbon is limiting 

SiCis 13.2g 

(32) Massof N,O 7 124-858 
Mass of H,0= 102.18 

(33) (Te ey 
C) Pe ao” 


(2) 15% 
(4) 2M 


| 
| 
| 
| 


reactant” 


ie 


(34) gu 
(48) 
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ui) EA 05x10 itl (17) (a) [H']-1.58M. 
e) «52610 Hz [0H ]- 633x107 M 
E-349x10 "p 
=1.75x10°m 
i E=1.635x10 "1 (18) [H']-4.0x10 "M. 
4$) Y e457x10" Hz, (20) pOH - 12.2, the solutionis acidic 
A = 656nm (21) pH=103 
Qupler No.3 (22) [H"]=3.16x10* 
(8) PercentioniccharacterofHF=41.36%| — [OH] =3.16x10 
HFismore ionic than HCI (28) pH «3.385. (29) K,-2401x]0^ 
1$) 608D (52) 1.80x10™C  |Chapter No.9 : 
Chapter Nod (10) (a) Reaction order'for CO = First 
(08) L47psi and 101.32Smbar Order > 
M) 11092atm — (30) 15.2mmHg [Reaction order for GIS First Order 
fil) 8.tSdm" (32) 2.83mL Over all order forreaction = Second Order 
03) 579.16K (35) 682.56dm' — |Rate - K[CO] [CI] 
10) 28m (37) 61.64dm' (b) K «16710 mol dm's " 
(9 56.73m (39) 221.47K |ChapierNo.10 i 
19) L8Imol (41) Y7gmol (40)222.22% (41) n% 


(44) 760mmHg — S2) 5% (43) 002m 


(45) 0.5M 
(46) (à) 04m — (b) 25m 
(47) (a) 3M (6) 05M. 


(48) Xc, =0.17 (50) 78.667°C 
(51) 74.56gmot — (52) ~1.86°C 


Chapter No.11 
(22) AH,=133.9KImot 
(23) -1016KJmol " 
ChapterNo.12 
(25) 499 (Q9) S=-2 (i) S=+4 
(27) 687x107M Gi) S=*6 (iv) S=42 


(29) 691x10” 


(44) 
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| Chemistry Principles and Reactions, 6t 
. Chemistry The N 
Chemistry, 3rd Edition, by Gilbert, Kirss, Foster and Davies 


Principles of Modern Ch: 


istry concept arid application by J.S: Philips, V.S. Strozakand C. Wistr 
Chemistry concept and application ign, by Brownand Murphy ^i 
Chemistry, 6th Edition, by McMurry and Fay 
Chemistry A Molecular Approach 2nd Edi ion by Nivaldo J. Tro 

Chemistry anatom first approach by S. Zumdahl and S.A. Zumdahl 
Chemistry, 8th Edition, by S.S. Zumdahl and S.A. Zumdahl 

Chemistry and Chemical Reactivity, 8th Edition, by Kotz, Treichel and Townsend 
Chemistry in Context, 6th Edition, by L.P. Eubanks, 

C.H. Middlecamp, S. W.Kellerand C E, Heltzel | 

Chemistry in Your Life, 2nd Edition, by Colin Baird 


Chemistry Medi ced Edition by Zumdahl 
try Media -Enhanced Faing eth Editon, by Masterton and Hurly 


Pitccular Science, 4th Edition, By Moore, Stanitski and Jurs 


Chemistry, Sth Edition, by Whitten, Davis, Peck and Stanley, 
ition, by TR. Gilbert 
L. Seager and Michael R. Slabaugh 


qe 


Toth Edition, by Petrucci, Herring, Madura, and Bissonnette 
Sth Edition: by Ebbing and Gammon k 
nemistiy, th Edition, by Denniston, Toppingand Carel 


Ge 1, Organic and Biological Chemistry, 5th Edition, by Soker 
Genera Organic; and Biological Chemistry, dth on. Raymond 


ener Chemistry (Atoms First), 2nd Edition, by J.E. MeMurry and R.C. Fay 


5 College Chemis 13th Edition, by Hein and Arena 

Chemisty by My 

Modern Chemistry by M. Sarquis and J.L. Sarquis 

j ‘Chemistry, 4th Edition, by Cracoli 

Introduction istry, ion, by Cracolice and Peters n 


Test and Hyslop 
s 
Bradys of General Che 


stry, 2nd Edition, by Martins. Silberberg- gg 
try, 6th Edition, by Oxtoby, Gillis, Campio™ vest 


Gaither " Y 
un ic and Biological Chemistry, 6th edition, by Soker 


. General, Organic ano Ic 
{fae World of Chemistry. 4i Editon.byJoeten, Castellon. and HORE. vu 


Fundamentals of General Organic and 

Basic Chemis 

Chemistry by Will 
ttp://en. wikipedia.org 

itp./101science.com/chemistry 


en - 
see e E 
‘illiams, Olmsted and Burk 
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| Index 


Buffer capacity: 300-301 


A À ; Brine: 343 
Absolute temperature: 143, 144, 145 Bronsted-Lowry acid-base concept: 281- 
Absolute zero: 143, 144, 145 282 es 


‘Acid: 279 - 305 
Action of the catalyst: 
Aclivation energy 
Activated complex: 3. 
Activator: 330 

248 


Allotropy: 222-223 


| Alkaline earth metals: 231 


Alloying: 439 
Amorphous solids: 218-219. 
‘Ampere: 425 
 Amphoteric substance: 280-281 
Amplitude: 48 
Anisotrop; 
Anode: 422 
Antifreeze; 343 
Aqueous solution: 339 
Atomic number: 48-49 
Aufbau (or building up) principle: 72 
Average rate of reaction: 314 
Avogadro's law: 146-148. 
Avogadro's number: 9 
Azimutal quantum number: 66 
Balmer series: 59 
Barometer: 138 
Base: 279-305 
Battery: 433-438 | 
Bohrs atomic model: 49 
Boiling point:196 
polling point elevation: 366 
Bont clorimeter: 400 
Bong S885 (or bond distance): 116 
Bond i (or bond enthalpy): 113 
Boti pair of electrons: 86 
Joy At cycle: 403 
ees law. 141 

racket series: 


(49) 


Buffer solution: 299-300 


Catalysis: 
Catalyst: 327-332 
Catalyst for a catalyst: 330 
|Cathode: 422 ex 
|Cathode rays: 35-38 

Cell: 412 

Characteristic of catalyst: 328 
Charles law: 143 c 

[Chemical adsorption: 330 
Chemical energetics: 388 
Chemical equilibrium: 245-247 
[Cleavage plane: 221 

|Colligative properties: 364 
Collision theory: 324-325 
Colloids: 341. 375-378 
[Common ion effect: 270 

[Completely miscible liquids: 343 
Concentrated solution: 339 
Concentration of reactant: 323 
[Concentration of solution: 339 
Conjugate acid: 282-284 

(Conjugate base: 282-284 
‘Continuous phase: 341 

Coordinate covalent bond: 298 
Corrosion: 438-440 

Covalent bond: 85 

Covalent solids: 232 

Coulomb: 425 

Crystal lattice (or space lattice): 224 
[Crystalline solid: 218 

Critical pressure: 168 

Critical temperature: 168 

[Critical volume: 168 

Crystal: 224 

Cubic system: 225 

D 


Dalton's law of partial pressure: 159 


NM. 
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Degenerate orbitals: 69. Galvanizing; 440 
Deviation from ideal gas behaviour: 155-157 | Graham's law of diffusion and effusion 
Diamagnetic substances: 108 164-166 
Diffusion of gases: 164-166 [Ground state and excited state: 58 
Dilute solution; 339 H 
Dipole-dipole forces: 183-184 Hlaber's process: 264-265 
Dipole moment; 120-125 Heat; 386-387 
Dehinc AUGEN Heat capacity: 398-399 
iscovery of electron: ae 

Discovery of neuron. 43-44. Hent pi solution (or enthalpy of solution): 
Discovery of nucleus: 45-46 ret SEI E 
Discovery: ot proton: 41-42 Hess's law of constant heat summation: 
Dissolution: 343 [402-403 "mem 
Ductility: 233 Heterogeneous equilibrium 247-248 ! 
E Heterogeneous catalysis: 330-331 
Effusion of gases: 164-166. Hexagonal system; 226 
Electrochemical cell: 423 Homogeneous equilibrium: 247 
Electrochemical series: 430-433 Homogencous tatalysis; 330 
Electrochemistry: 411-440 [Hund's rule; 73-74 
Electrodes: 422-423 Hybridization; 98-104 
Electrode potential: 427 Hydration; 126 
Electrolysis of aqueous NaCI solution: 423- | Hydrogen bonding: 184-188 
424 Hydrophilic molecules: $42 

| Electrolytic cell: 428 -Hydrophobic molecules: 342 
Electrolytic conduction: 423 Hyperion olution: 374 
Electronegativity: 118 Hypotonic solution: 374. 
Electroplating: #40 o I 
Elementary rescue iS Meal gas equation (or general ges 


Endothermic reactions: 
al 5204-205 equation): 149-151 
Erge Sf phase RES Meal solutions: 364 
us ee nert electrodes: 422 
Enzyme: 328, 331,399 Inhibitor: 328 


Enzyme catalysis 331-33 Instantaneous rate of reaction: 314 

Equilibrium constant, K,: 249-250 [rise ein c pe IF 

Equilibrium position: 259 Internal energy, (E): 390. 

Evaporation: 191-193 Tonic bond: 35 " 

Exothermic reactions: 387 Tonic character (or polarity of mole 

F ns 

First law of thermodynamics: 391 Tonic product of water: 285 

First order reaction: 317 Irreversible reactions: 244 

Freezing point: 369 Isomorphism: 222 | 

Freezing point depression: 369 Isotonie solution: 374 

Fuel cells: 436-437 Isotopes: 44 l 

G 5 J 

Galvanic (or voltaic) cell; 425-426 Joule-Thomson effect: 169 
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K 
and pl 
em 
Kinetic enemy: 86 
ber molecular theory of gases: 136-137 
P ‘energy: 229-230 
[aw of conservation of energy: 391 
je of conservation of mass: 15 


Law of definite proportions: 15 
Law of mass action: 248-249 
Chatelier's Principle: 
Levelling effect: 294-295 
Lewis acid-base concept: 298 
Limiting reagent: 21-22 

Lind's method: 169-170 
Liquefaction of gases: 167-169 
Liquid crystal: 207-209 

| London dispersion forces: 188-191 
Lone pair of electrons: 86 

Lyman series: 59 

M 

Magnetic quantum number: 66-67 
Mass number: 44 

Mechanism of reaction: 315-316 


heat of vaporization: 285-206 
ha =a 


clr orbital theory (MOT: 104-113 
Solids: 236-337 

fraction: 356-357 

lini system: 226 


Order of reaction: 317 
Orthorhombic system: 225 
Osmotic pressure: 
Overall reaction: 315-316 
Overlapping: 94-96 
Oxidation: 412-413 
Oxidation number: 413-414 
giziga 


Paschen series: 59 

Paramagnetic substances: 108 

Partial pressure: 160 

Partially miscible liquids: 343 

Parts per billion (ppb): 358 

Parts per million (ppm): 358 

rts per trillion (ppt): 359: 

Pauli Exclusion Principle: 73 

Percentage composifion: 20-21 

Pfund series: 59-60 

pH scale: 286-288 

Physical adsorption: 330 

Pi-bond:.96. 

Planck’s quantum theory: 47 

Plasma: 170-172 

POF scale: 286-288 

[Poison: 329-330 

Poisoning of catalyst: 329 
Polymorphism: 222 

Positive rays: 42 

Potential energy: 386 

Practically miscible liquids: 344 

Pressure: 137-139 

Primary batteries: 433-434 

Principal quantum number: 65 

Promoter: 330 


Our 47 
Quantum numbers: 64-67 


R 

Raoult's law: 359-363 

Rate determining step or rate limiting 
step: 316 

Rate law or rate expression: 314-315 
Reaction intermediate: 316-317 


(a) 


Relative strength of acids and bases: 283- 
|284 
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Rate of reaction: 313-314 
Reaction quotient; 257-258 
Redox reaction: 415-416 
Reducing agent: 421-422 
Reduction: 412-413 
Resonance: 92-93 
Reverse osmosis: 375 
Reversible reactions: 344 
Rutherford’s atomic model: 46 
E 
Salt bridge: 426 
Salt hydrolysis: 301-303 
‘Saturated solution: 350. 
‘Secondary batteries: 434-436 
‘Second order reaction; 317 
Shell (or orbit): 49, 68 
Sigma bond: 94-95. 
Soda water: 339 
Solubility: 344-349 
Solubility product, K: 266-268 
Solute: 339 
Solvation: 345 
Solvent: 339 
Spectrum: 77 
Spin quantum number: 67 
Standard cell potential: 427 
Standard electrode potential: 427 
Standard enthalphy change: 395 
icis ‘Hydrogen Bletrode (SHE); 428- 
4 
Standard enthalpy (or heat) of atomization 
Sone enthalpy (or heat) of combustion: 
Standatd enthalpy (or heat) of formation: 
‘Standard enthalpy (or heat) o eatin 
ES py ( ) of neutralization: 
Standard enthalpy (or heat) of reaction: 
Standard reduction potential: 4o on s 
mew temperature and pressure (STP); 
Stark effect: 61 
State function: 390 


Strong electrolyte: 270 

Subshell: 6, 68 

Super saturated solution: 359 
Surface area of the reactant. 373 
Surface tension:202.204 
Surrounding: 389 

Suspension: 41, 378 

Symmetry: 220 

System: 388 


T 
[Temperature of the reactant: 324 | 
Tetragonal system: 225 

| Theoretical yield: 25 
Thermochemical equation; 388 
Thermochemistry: 386 
‘Thermodynamics: 388 

Third order reaction: 318 

[Transition state: 325-326 

Transition temperature; 223 
Triclinic system: 226 

|Trigonal system: 225 


Universe: 389 
‘Unsaturated solution: 350 | 


Van der Waal's equation: 5 
Vapour pressure: 193-196 
Viscosity: 199-202 

Volt: 425 

Voltaic cell: 425-426 
|VSEPR theory: 86-92 
w 

Wavelength: 48 

Wave number: 48 

Weak electrolytes: 270 
x 

X-rays: 61-64 


yield: 25 


Table of Metric Units =e 


[Calorie mma 
Millimeter of mercury fma Hj 
{ Joule per kilogram degree Celsius — |J/kg?C | 
| Degree Celsius — 


DII eee 
= Table of SI Base Units 


ee 
CANIS E 1 Y 


logram. 
| Second 
-| Ampere 
Kelvin 
Mole 
- Candela 


| Cubic metre 


2 DD > 
ane Gar AS | Kilogram per cubic metre 
Joule 


[Trillionth — | 1977 
[Quali | 195 — 
Quintilliouh | |j 
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E Samoa: ] vatur. D 
Asesleration due to gravity | £  (980665m 0 
Atomic mass unit | mmu. | 1.660539 x10"g 
| 1.660539 x 10”kg 
‘Avogedro'smmber | NA | 60922167 10" pila 
‘Bohr radius. po^ 5291772940 x 10m 
 Charge-to-mass ratio of electron cm | 175881952 x I0 Cikg 
[Bln or proton charge | e [iomon 
Faraday s constant li ce d 
General gas constant. | R |8345 s 
ies | tope .am(moak) 
Mass of electron. me _ 5.85799 x 10am 
Ofeetett 


1,008665 amu 
1.674927 x 107k, 


-MDCAT BY FUTURE DOCTORS (TOUSEI 
le of important Conversion Factors 


Length (SI ı - - = 
1 kilometer (km) = 1000 


Pressure bess unit = pa HE 


1 pascal (Pa) 


= 0.62137 nile (mi) ar 
| meter (m) 1.0936 yards 1 atmosphere = Bx s 
9.37 inch (in) 
100 centimeters (em) PED. 
000 millimeters (mm) T6 cabanas oT 
Linch 2.54 centimeters (em) EOS 
1 mile = 1.609 km = 5280 feet(fi) 7101325 kilopascal (kPa) 
ie "AN = 14.7 pound per square inch (Ib/in?) 
73048 cm 
lymiod) — = 36 in. 
= 0.9144 m 
Mead (SI unit = kilogram) Energy (SI unit = joule) 
J kilogram (kg) = 1000 grams (g) Tyee) 7 Ue E 
= 2.2046 pounds (Ib) (Nm) 
nd 7045359 kg. = kg mi? 
53.59 g = 0.23901 calorie 
- = l6 ounces A = coulomb volt (CV) | 
| luam = 1000 milligrams (mg) e = 10" erg | 
= 6.02 x 10? amu ie (cal) 740843 
(lto = 2000 Ib (electron volt (eV) = 96.485 kJ/mol. 
E 907.185 kg. - = 1.60218 x 19"J | 
per pike 7) 1 kilowatt hour (kWh). =3600 k1 | 
T = 1.103 tons ^ | Temperature (SI unit : Kevin) 
E Okelvin(k) = 2715 'C 
ee = 283g TENA = -459.67°F 
Mas E cc ic K ="C+273.15 
pie “ecm "€ =K-273.15 
* .CF-32) 
¥ Une pm cle essen 
quarts (qt [F =1.8%°C+32 


| Time (SI unit = second) | 
| 1 minute (min) = 60 seconds (s) | 
lhour(r) = 60 minutes | 


1 day (d) 


pemmieegsno EDS 
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Names, Formulas and Valencies of Some Common long 
on 


Ir EE jose 
E UI [CWO or goo 
Cesium 7 T e J S | Ho 
ÅAS |° Hydrogen sulphate} 8 
Cuprous or Copper (1) cu' — Bisulphite or 

Hydrogen sulphite — 
Hydrogen. | " 

Hydrogen carbonate 
Lithium x Bromate 
Silver p ~ Bromide 


(Chlorate ——— 


Chromous or Chromium (11) 


Cobaltous or Cobalt (1) 
| Gupric or Copper (Il) E 
Cuprous ar Copper (1) 
Ferrous or Iron (Il) t 
Magnesium. 
imma | Mn Nitrite 

jercuricor Mercury (U) | Hg” Perchlorate - 
Me r Mercury (1) | Hg? Permanganate 
[egg tun C Pb* Thioeyanate q 
Sontum SP. Divalent negative ions 
"Nickel QD Nee Carbonate 
StannousorTin(H) | Sm" — Chromate 
Zinc n" Dichromate 
“Trivalent positive fons “Oxalate 
Aluminum. Ay Oxide 
‘Antimony (ID. Sb" Peroxide 
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muth (IIT) E Bp’ | Sulphide 


Sulphate 
Bruce Tssium j 
Ürtravalent positive tons, 

Jaoganic or Manganese: TMe* | 


H0 18. ^ [Sodium chloride — 


umtie or Lend QV) pgs Bate | 
! Phosphaie | | 
Tianic oF Titanium dV) Phsphide q 
Antimony (V) "Tetravalent negativ | 
Arsene (V) Carbide | 
Formulas and Molecular Masses af some — Substances 
4 | stotzcinine! 
ances | Forma cM | 
Ch | 
| B1 6. oder | 
D 254... Nitiogen 
— l 
- 


NH, | Fh Sulphuric acid | 11,80, [3 


— | €uHaO | 386 Magnesium sulphide | MgS | $64. 
(GHuON,| 194 Copper sulphate so |- 1967 


(457) 


pum 


MDCAT BY FUTURE DOCZQRs,(TOUSEEF AHMAD) 

r ^ 
Absolute temperature: A temperature scale on which zero Kelvins is the lowest pou 
temperature. 

Absolute zero: The lowest possible temperature, OK. The temperature at which all neci 

: ‘motion stops 

Acid: (i) Arrhenius concept: a substance that produces hydrogen ions when dissolved in wats) 

Bronsted-Lowry concept: a proton donor ii) Lewis concept an electron pair acceptor, 

Acidic solution: A solution which has pH value less than 7 (pH < 7) at 25°C; an aqueous solutionin 

Which the concentration of hydrogen ions (H') is greater than the concentration of hydroxide ions 

(OH). 

‘Activation energy: The minimum amount of energy to start the chemical reaction. | 


‘Active mass: In the early days of chemistry concentration was called active ra 
‘Actual yield: The amount of product actually obtained from a chemical reaction. 
Adhesive force (or adhesion): The forces of attractions between unlike particles; the forces ibu 
bind a substance to the surface. 
Alkali: A water soluble base such as NaOH, 
Alkali metals: The elements in group I(1A)of the periodic ble except hydrogen (ilium sodium, 
potassium, rubidium, cesium and francium). > 
Alkaline earth metals: The elements in group 2(I1A) ofthe periodic table (beryllium, magnes. 
calcium, strontium, barium and radium). X 
‘Alkaline solution (also basic solution): A sdfalion which has pH value greater than 7 (pH ^7) 
25°C; an aqueous solution in which the concentration of hydroxide ions (OH ) is greater t% 
concentration of hydrogen ions (H`). ~ 
Allotropes: The different crystalline Torms of the same element, such as diamond and gri 
(allotropesof carbon) 
Alloy: Asolid solution offo? more different metals, or of metals with one or more nome 
has the properties of metals. 
Amorphous solids: A solid which has non-repettive three dimensional arrangements of piri 
 Amphoteric:. that shows both acidic and basic properties such as water. 
‘Anion: A negatively charged ion. 
‘Anode: Th elestrode at which oxidation loss of electrons) occurs " 
‘Antibanding molecular orbital: A molecular. orbital, which is of hi ower 
cia TRON Which is of higher energy and Io 
‘Atom: The smallest partiele ofan element that can enterinto a chemical reaction. 
Atomic mass: Theaverage massofthe atoms ofan element 
Atomic mass unit (amu): One-twelfth ofthe mas ofcarbon- 12 atom (amu 66x10 » 
Atomic number (Z): The number of protons in the nucleus ofan, 
‘Atomic radius: The average distance between centre ofmucteus andthe outermost eit 
ofanatom. 
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temperature and pressure 

Avogadro's number (N,): The number of particles in one of a substance. Its value is equal to 

602x10" 

B z 

Balanced equation: A chemical equation in which the numbers of atoms of each element on both 

sides of the equation are equal 

Barometer: An instrument that is used to measure atmospheric pressure. 

‘Base: (i) Arrhenius concept: a substance that produces hydroxide ions when dissolved in water 

(jiBronsted-Lowry concept: a proton acceptor (ii) Lewis concept: an electron pair donor. 

Basicsolution: See alkaline solution. 

Battery: A galvanic cell or group of galvanic cells that can be used to produce an electric current. 

Bispende (o A particle identical in charge and mass to an electron and emitted! by radioactive. 
à v 

Binary compounds: Compounds having atoms of two different elements suchas HCl and Nb, 

Boiling point: The temperature at which the vapour pressure of liquid becomes equal to the 

pressure above the liquid. 

Bond energy: The amount of energy required to break the bonds ir né mole when the substance is 

inthe gas phase. 

Bonding molecular orbital: A molecular orbital, which is of lower energy and greater stability than 


parent atomic orbitals. 

Bond length (or bond distance): The distance betweenithe nuclei of wo bonded atoms. 

Bond order: Half ofthe difference between the ubers of electrons in bonding molecular orbitals 
andantibonding molecular orbitals. 


Bond pair of electrons: Shared pair of electrons. 
Boyle's law: The volume of a fixed-amount of gas is inversely proportional to gas pressure at 


—— 


constant temperature. 4 
Buffer solution: A solution that resists changes in pH when small amounts ofa strong acid or strong 
baseareaddedioit — 0 

c Q 


Calorie (eal) The amont of heat required to raise the temperature of | gram of waterby 1°C from | 

145°Cto 15.5? C: Lal 74.184). 

Capillary action The rise of a liquid in a narrow tube as a result of adhesive forces between the 

liquid and the tube and cohesive forces within the liquid. 

Catalysis: The acceleration of a chemical reaction by a catalyst. 

Catalyst: A substance that usually increases the rate of a chemical reaction but is not consumed by 
reaction. 

Cathode: The electrode at which reduction (gain of electrons) occurs. 

Caton: positively charged ion. 

Cell potential: The potential (voltage) difference between the anode and the cathode of a galvanic 
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| 
j 


Charles's law: The volume ofa fixed amount of gas is directly proportional to absolute tempery, 
atconstant pressure. 


Chemical equation: The symbolic representation ofa chemical reaction. 


Chemical equilibrium: The state in which the rate ofthe forward reaction is exactly equal tothe ra 
ofthe reverse reaction. 


Chemical kinetics: The study of reaction rates and reaction mechanisms. 


Chemical reaction: The process in which one or more substances are Converted into other 
substances, 


Chemistry: The science of the composition, structure, properties and reactions of matter 


Cohesive force (or cohesion): The forces of attractions between like particles; the forces that bing 
the molecules ofa substance together. 


Colligative properties: Physical properties of solutions that depend on\the number of solue 
particles in solution but noton the type of solute particles. / 


Colloids: A mixture that contains particles that are intermediate in ize between those in ive 
Solutions and those in suspensions and that are suspended in a solid; liquid, or gas. 

Combustion: A chemical reaction in which heat (usually a flarhé) and light are produced by the 
burning of substance in air (or oxygen) suchas the burningofmatch stick. 


Common ion effect: The shift in equilibrium position that results by the addition of an ion common 
tothe ions in the equilibrium. 


Conjugate acid: An acid formed by the addition of proton toa base, 

Conjugate acid-base pair An acid and a basgiftdifTer only inthe presence orabsence ofa ptm 
Conjugate base; A base formed by the loss0Fa proton from an acid, 

Corrosion: The chemical decay of metals when exposed to air or water, 

Covalent bond: A bond formed by sharing of electrons between two or more atoms. 

Covalent solids: The solids in whieh atoms are held together by covalent bonds 

Critical pressure: The presspreat which a gas is conyerted toa liquid state at its critical temperstut 
Critical temperature: The temperature above which a gas cannot be liquefied no matter how m 


pressure is opp. The cal temperature increases wi qp increase in e magi 
intermoleci 


Critical volume; The volume one mole ofa gas at itscritical t 
Crystal; A'solid that has regular, repetitive three dimensio; 


temperature and pressure. 


ticles; that is 
atoms, molecules or ions. nal arrangements of particles 
tal lattice (or space lattice): A three dimensional x 3 "T 
fous oc molecules) ofa crystalline solid. Array of points representing particles ( 
CCrystaine solid; A slid that consists of crystals, 
D 
Dalton’s law of partial pressure: The total pressure 1 


4 
partial pressuresofthégasespresentinthempaure ^ ure OF gases is equal t0 thë “a 
Dehydration: Removal of water froma substance. 
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Density: The mass of substance divided by its volume. Sa 


COS 


Diamagnetic: A substance repelled by a magnet. 
Diffusion: The spontaneous mixing of gases and liquide due to random: motionof their particles, 
Diffusion af gases: The spontaneous mixing of gases dueto random motion oftheir particles: 
Rais The process by which a more concentrated solution is made less concentrated by adding. 
Dipole: molecule ora part of molecule that has both positively and negatively charged regions; 
polar molecule 

Dipole-dipole forces: The attractive forces between polar molecules. 

Dipole moment: The product of charge and the distance between the chargesin a molecule: 

Double bond: covalent bond formed by the sharing of two electrons pairs, It has ghe sigma and 
‘one pi bond, v 

Ductile: Can be drawn into thin wires 

Ductility: The ability of metals tobe drawn into thin wires, 
Dynamic equilibrium: The process in which two opposing forces are kíng place at the same rate, 
E : 

Effusion of gases: The escape of gas molecules through tiny hole ito a region of lower pressure, 
Electric current: The flow of electric charge — for examplejihe flow of electrons through a wire or 
ions through solution. 

Electrochemical cell: A cell consisting of two electiódes dipped into an electrolyte in which a 
chemical reaction either produces or utilizes an electric current. 

Electrochemical series: A list in which they aré atranged in the increasing or decreasing order of 
standard electrode potential values. 

Electrochemistry: The branch of chemistry which deals with the conversion of electrical energy 
into chemical energy in electrolytic cells and chemical energy into electrical energy in galvanic or 


voltaic cells. 
Electrode: The anode or cathode iian electrochemical cell, 
Electrode potential: The potential difference between an electrode and its salt solution. 
Electrolysis: A process'in which electrical current is used to produce a non-spontaneous redox 
reaction, suchas thedecomposition of water. 
Electrolytic cell:'A/ cell in which non-spontancous redox reaction occurs by the passage of 
| electricity : 
Electrolyte: A substance that conducts electric current either in solution orin the molten state. 
Electrolytic conduction: The passage of electrical charge by ions. 
Electron affinity: The energy change when one mole of electrons is added to one mole of isolated 
 Baseous atoms or ions, 
Electronegativity: The measure of the ability ofan atom to attract a bond pair of electrons towards 
|. itselfina molecule. 
Electronic configuration: The arrangement of electrons in the subshells or orbitals ofan atom or 
ion, 
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Electroplating: The deposition ofa thin layer of one metal on another metal (object) by electro, 
Elementary step: One ofthe individual steps in the mechanism ofa reaction. 

Empirical formula: The formula that shows the smallest whole number ratio of different aons: 
the compound. i 
Endothermic reactions: reaction that absorbs hat from surroundings. 

Energy: The capacity to do work or transfer heat- 

Energy level: The space around nucleus where electrons can move. 

Enthalpy (H): The heat content of a system. 


Enthalpy change: The energy difference between the initial and final states of system, ; 
Enzyme: A substance consists of proteins and acts as a catalyst to speed up the reactions in plans 
and animals. | 


Equilibrium: A state in which two opposing process are occurring at the same timgund at the same 

ate such that the concentfations of reactants and products do not change. 

Equilibrium constant, K : The ratio, at equilibrium, ofthe concentrations OF products raised i te 

powers oftheir coefficients divided by the concentrations of reactant ised to the powers thes 

coefficients. « 

Evaporation: The spontancous conversion of liquid molecules into vapours, 

Exeited state: The unstable state of an atom or molecule Which atleast one of the electrons in 

their highest possible energy level. ~ 

Exothermic reactions: Areaction that releases heatgo Surroundings. 

D OD 

First law of thermodynamics: Energy can gether be created nor destroyed but can ‘be converted 

from one form to another. $ 

First order reaction: A reaction whse Fate depends on reactant concentration raised to the fist 
ower. 

bere mass: The sum of atdhe masses of all atoms present in the chemical formula of molest 

or formula unit rion. J 

Formula unit: The basic unit of ionic compounds, 


Freezing point: The temperature at which the solid and liquid phases of a subsiance mes 

equilibrium... 

Frequency: The number of waves passing through a point in one second. 

G 

‘Gamma rays: The high energy photon emitted by a nucleus os? 
jamma: jon X 


Galvanic cell: (also called voltaic cell) a cell in which a spontaneous redox recti 


produce electric current. P 

Graham's law of diffusion and effusion: The rate of diffusion or effusion of a 8 uU 

rael the square oot oF moll mes or density at conantem 
" 


pressure. ji 
4c; The stable state ofan atom or molecule in which all ofthe electrons rei 


Ground state: TE 
(482) 


possibleenergy 
pem 


'MDCAT BY FUTURE DOCTORS (TOUSEERmeaaD 
(Groups: The vertical columns of elements in the periodic table. DIETE 


Hn =e 
tiiereaction:A reaction that represents either an oxidation or reduction process 


at The transfer of energy from a hot object to a cold object because of a difference in theif — 
peratures. 

jfatof fusion: The amount of heat required to melt one mol 
Jat of sublimation: The amount of heat required to 
perature 

. The amount of heat required to vaporize one mole of liquid at its boiling. 


eof solid atits melting point. 
vaporize one mole of solid at a given 


pnt 
law; Ina multistep reaction, the ent 
imoteporinscveral steps. 


wlpy change is the same, whether the reaction esti 


leerogeneous equilibrium: An equilibrium state in which all the reactants and prodit are in the 
sane phase, 

Homogeneous equilibrium: An equilibrium state in which all the component ak in two oF more 
diferent phases. 


‘brid orbitals: A set of equivalent orbitals that is produced from the eonibination of two or more 
von-equivalent orbitals ofan atom. 


Hybridization: The process of mixing of different types of atomi orbitals to produce a new set of 
squivalent hybrid orbitals, 


Hydration: The process in which water molecules surround ánd interact with solute molecules or 
ims 


Bdrogen bonding: The attractive force between bydrógen atom of one molecule and the highly 1 
thtronegative atom of another molecule, 
Hydrophilic: Water-loving. A polar moleculé'or part of molecule, which is attracted to water 
lecules These molecules are soluble in water. 
rophobic: Water fearing. A non-polar molecule or part of molecule, which is not attracted to 
molecules. These molecules ar insoluble in water. 
EN 
is: A gas that obeys gas'tgws completely at all temperatures and pressures. 
solutions: The solutions that obey Raoult's law. 
lar forces: The attractive forces between neighbouring molecules. 
forces The attractive forces between atoms within a molecule. 
Je Ey (E): The sum of all kinds of possible energies (kinetic and potential) of all of the 


a, ace of traction between oppositely charged ions. 
Solids that are composed of cationsand anions joined by ionic bonds 
aie Td Aconpoundtatconsssofeations and anions suchas NaCl 
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Tonization energy: The amount of energy required to remove one mole of electrons from o my 
isolated gaseous atoms. z 
Isotopes: Atoms that have same atomic number but different mass numbers. Isotopes have sune 
‘number of protons and electrons but different number of neutrons. 

J 
Joule (I): The St unit ofenergy;4.184J= 1 cal. 
K 
Kilocalories: 1000 calories. 

Kilojoule: 1000 joules. j 
Kilopiascal (kP, ): 1000 Pascals. 

Kinetic energy: The energy of an object (or particle) in motion because ofis mass (m) at 
velocity (v): K.E = L2mv. 
Kinetic molecular theory of gases: A set of postulates used to explain the behaviourof gs 

L 


Lattice energy: The amount of energy required to convert ‘one mole of ionic solid into gaseousian 
cor the amount of energy released when one mole of ionit-solid is formed from its ibid 


Limiting reagent: The reactant th 
reaction stops and no further product formed. 

Liquid crystal: An intermediate statethat has both the properties of solids and liquids. 
London dispersion forces: Thé stimetive forces between non-polar molecules 


temporary dipoles. 
Lone pair of electrons: Cnshared pair of electrons 


M 2 
Malieable: Canbe hammered or rolled into thin sheets. 
Malieabiliy: The ability of metals tobe hammered or rolled into thin sheets- 
Mass: Qhsntity of matter in a body. 
Mass mber(A):The fal numberof protons and neutrons presentin ihe cles. 
Matter: Anything that has mass and occupies space. 
Metal BEREE E E E stolen 
Metallic solids: The solids in which atoms are held together by metallic bonds- 
Metalloids: The elements that have both the properties ofmetalsandnon-metsls: yg 
‘Metals: Theelements that have luster, conduct heat and electricity, and are mal a 
Millimeters of mercury (mmHg): Also called torr. A unit of pressure where, 
1 atm=760 mmHig=760 tor, 
Miscible: Two or more liquids that can dissolve into each other in all proportions- 

(464) 4 


rt 


| MDCAT BY FUTURE DOCTORS (TOU: 


Molality (m) The number of moles ofsoluteperkilogram fsólution- 
Molarity (M) The number of moles of solute per iter of solution, 
Molar mass; The mass of one mole ofa substance. 

Molar volume (ofa gas): The volume of one mole ofa gas at STP | 


le; The amount of substance that contains same number of par | 
dab 12Oncmoleiseqaltomolarmaes ample tes ^ m 
Molecular formula: The formula that shows actual number of atoms in one molecule of a 
substance. 

| Molecular solids: The solids in which molecules ac heid together by intermolecular forces. 
Molecular mass: The sum of atomic masses ofall the atoms present in the molecule, 

| Mole fraction: The ratio of number of moles of onc component of a mixture to the total npmber of 


melesofall the components in the mixture. Itis denoted by X. 
Momentum: The product of mass (m) and velocity (v) of an object. > 
N 


Neutral solution: A solution which has pH value equal to 7(pH-7)at 25°Gyan aqueous solution in 

Nude concentration of hydrogen ions (H^) is equal to the concéniration of hydroxide 

ons cx 

Neutralization reaction: The reaction of an acid witha base to foravàait plus water. For example; 
HClag) NaOH, — NaCL HO, 

Nor-electrolyte: A substance that does not conduct eleciie current either in solution or in the 

molten state. Q- 

Non-ideal solution: A solution that does not obey Rao’ law. 

Non-metals: The elements that do not have lusté, Àe poor conductors of heat and electricity and 

arc neither malleable nor ductile. 

Non-polar bond: A covalent bond betweegrilietwo atoms in which the electrons are shared equally, 

Non-polar molecule; A molecule that docs not have a net dipole moment. 

Non-volatile: A substance that does)not vaporize easily: does not have a measureable vapour 

pressure, (X 

0 k 


Osmosis: The, Pu ‘bat not those of solutes, through semipermeable membrane, from 
Artgion of lower solute concentration to a region of higher solute concentration, 
Osmotic {The pressure that is applied to stop osmosis. 


Agent (oxidant): A substance that accepts electrons from another substance in a redox 
Nisreduced inthe reaction. 


‘substance: A substance that is attracted to a magnetic field: substance with unpaired 
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‘Parti pve: The pressure ofeach gas in the mixture of gases. 
Puscilj y. The Slunit of pressure: 1 P, 7 1 Nim’, 

Periode Thehorizontal rows of elements in the periodic table 

pi: The negative log of hydrogen ion concentration in base 10. pH - -log[H' ] 

Tünsmu stie- The fourth state pf matter which has an ionized gas mixture 

‘P\ (oma: A bond formed by side-to-side overlap of two p-orbitals. 

PON: The negative log of hydroxide ion concentration in base 10. pOH = -log[OH ] 
‘Pollarmisiccuile: A molecule thathas a net dipole moment. 

Positive šan: A cation: an jon that is formed by loss of one or more clectrons from an atom y | 
molecule, F 
Poncstall energy: The energy of an object due toits relative position. : 
Pressure The force per unit area. P= F/A 

Product: Asubstance that is formed in a chemical reaction, ` | 
9 x 

Quantus: A packet of energy. Z 

Quantum mumiber: One of four related numbers that specify dhe Shape, energy and orientation ola 
orbital, or that is related to thespin ofan electron. 2 

R C 
‘Radioactivity: The process spontaneous emission of radiations from the unstable nuclei of om. 
Radioactive substance: A substance that emits Gidiations from the nuclei ofits component atoms 
‘Rate offreactioa: The change in the concentration of reactant or product per unit time. 
‘Reactant: A substance that undergoes artaet 


Real gas: (Also called non-ideal gas) a gas that does not obey gas laws completely 1t 
lemperaturesandpressures. — C. 
‘Redox reaction: A reaction in which oxidation and reduction occur. 


Reducing agent (or reduce: ‘A substance that loses electrons to another substance in 1^ 

reaction. Itis oxidized inthe reaction. 

Reduction: The gai dfelectrons; the decrease inthe oxidation state of specie. a 
s in which two or more Lewis structures are drawn for a cone 


polyatomic ion Whichdifferonly inthe rangement ofelectrons. n— 
i: The actual structure of a molecule or a polyatomic ion that can be 
bytwoormore Lewis structures. "md 


resonance structures: Two or more Lewis structures, which have same arrangement 
different arrangement of bonding electrons. pP 
Reverse osmosis: The process by which water molecules move under high pressure F je 
vets pressure, through a semipermeable membrane from the more concentrate! 


concentrated solution. 
eversible reactions:A reaction that can occur in both forward and reverse direction 


(non: The solution that contains maximum amount of solute ata give 
‘added to a saturated solution, it will settle down and will not dissolve 
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Second order reaction: A reaction whose rate depends on reactant concenti 
second power or on the concentrations of two different reactants, each raised to 
Shickling effect: (Also called screening effect): The effect when inner shell 
attraction of nucleus for the outer most shell electrons. 


igma (6) bond: A bond formed by head-to-head overlap of two orbitals, te 


Single covalent bond: A covalent bond formed by sharing of one cletrom pait. thas one sigma 
bondonly. > 


Solubility: The amount of solute dissolved in 100g of solvent to make a saturated solution at a 
particular temperature. 

Solubility product (K): The product of the molar concentrations ofthe ions, each raised toa power 
‘equal to the coefficient in the equilibrium equation. ~ 

Solute: The component of solution which is in lesser amount; a substance dissolygdn' solventto 
‘make a solution. A solution may contain one or more solutes. y 


Solution: Homogeneous mixture of two or more substances. Solutions are ofén liquids, but they 
may also be found in solid or gaseous states. v 


Solvent: The component of solution which is in larger amount; the cotppenent of solution in which 
theother components (solutes) are dissolved to makeasolution. -<2 
Specific heat: The amount of heat required to raise the temperature of one gram of any. ‘substance by 
igs o" 
Spontancous process: The process thatoccurs by itself withobt outside assistance. 
Standard enthalpy (or heat) of combustion: The enthalpy Change when one mole of a substance is 
completely burnt in excess of oxygen below under sfabdard conditions. 

Standard enthalpy (or heat) of formation: i d change when one mole of a compound is 
formed from its elements under standard condit 

‘Standard enthalpy (or heat) of neutralizaitoà: The enthalpy change when one mole of hydrogen 
ions from an acid react with one mole hydroxide ions from a base to form one mole of water 
under standard conditions. » 

Standard enthalpy (or heat) of solütion: The enthalpy change when one mole of a substance is 
dissolved in so much veh ‘that further dilution give no enthalpy change under standard 
conditions, © 4 
Standard state: The physical state of a substance at a pressure of 1 atm and a temperature of 25°C 
(298K) thats the most stable state. e 
Standard tempesduire and pressure (STP): (Also known as standard conditions) A pressure of 1 atm 
Andatemperatüre of 0°C (273 K). * 
State function; A quantity whose value depends only on the initial and final states ofthe system and 
noton the path followed by the system. 
Stoichiometry: The relationships among the amounts of reactants and products involved in a 
balanced chemical equation. : 
Strong cid; Anacid that is completely ionized in solution. 
Strong base: A base that is completely ionized in solution. 
Strong electrolyte: A substance (strong acids, strong bases, and most salts) that is completely 

inthe solution, Its aqueous solutions are good conductors of electricity. 

Diltision The direot conversion of asolid into a vapour without changing intoa liquid. 
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Substance A piire manter thats uniform properties Kms beelementorcompound, 
Surface tension (y): The amount of energy required to stretch or increase the surface o 
Sees w of energy requi urface of iui 
Surrounding: Everything in the universe that is not artof the system. 

System: Anything has understudy observation 'orexperiment (inthe laboratory). 


Temperature: The measure oF average onetic energy of the particles in an object. 
Theoretical yield: (Also known as expected yield or stoichiometric yield), The amount of ros 
calculated from balanced chemical equation. 
Thermochemistry; The branch of chemistry that is the study of heat changes oF chemical reactions 
Thermodynamics: The study of energy and its transformation, 

Third order reaction: A reaction whose rate depends on reactant concentration raised to the hid 
power or to the first power of molar concentration of one reactant and square of the Other reacn. 
Triple covalent bond: A covalent bond formed by sharing of three electron pdirs, lt has one sigma 
and hvopi bonds. 

U 
Unit celi: The basic repeating unit of the arrangement of particles ip iferystal 
Unsaturated solution: The solution that contains less amoyatoP'solute than that of a ature 
solution ata given temperature, Itcandissolve furthersolutgtihàddition. 

M 
Valence electrons: The outermost shell electrons of gnom. 
Valence shell; The outermost shellofanatom. G9 

Van der Waal's equation: A modified equation falis used to calculate the pressure and ‘volume of 
real gases (non-ideal gases) ^ 

Van der Waal's forces: Attractive forces between molecules, The dipole-dipole, dipote-ines 
dipole, and London dispersion forcewarevan der Waals fores, lon-ion and ton-dipcle fs 
not van der Waal's forces 

Vapour pressure: The pressure. 
temperature. A 
Viscosity: The 
Volatile: A substance that vaporize e 


Voltaic cell: See galvanic cell 
Volume (V): Thespace occupied bya substance oran object, 


Mem eigen acid that snot completely ionized in soluti 


Weak base: not 
Weak electrolytes: substance (weak acids, weak bases, and some salts) thats pt 


Wration ls aqueous sohutionsare poor conductors ofelectricity. 
iik qn): The energy required t0 move an object through a given distance against m 
Work = force X distance 


dxericd by a vapour in equilibrium with its pore liquid aca gt 


measure qftho resistance to flow of aliquid, 
ly; has ameasurcable vapour pressure. 


py ionized n 


x 
X-rays: Electro 


magne radiations with wavelengths WomaboutO.Tamoabout TONM: 


Y 

ic TheamnntoF pode Obune ng acere. 

pA = 

Zero orderteaction: A reaction whoseratei independent olihe concentration ofthe ac i 
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